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FIG. S1. Transcription elongation by WT and dFL Pol II at various substrate
concentrations. TEC9 was assembled with WT and dFL Pol II using RNA9, TDS76
and NDS79. The schematic of the experiment is shown in the diagram on top of the gel.
The positions of the RNA in A20, the 56-nt runoff product, and the pausing/arrest sites
are indicated at left.
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FIG. S2. Backtracking extent in TEC27. 3’-end-labeled TEC27 was obtained by 3-step
walking to A26 and labeling with a-32P UTP. Schematic of the experiment is shown in the
diagram on top of the gel. The positions 2, 10, and 11-nt 3’-end RNA cleavage products are
indicated at left. Note that the prominent 10-nt cleavage product in the WT TEC (lanes 2-4),
significantly less abundant in the dFL TEC (lanes 9-11), is most likely derived from the
TEC21, which is present the WT TEC27 preparation. Note that TEC21 is chased with NTPs
more efficiently than TEC27 (lane 5), and the 10-nt product is diminished accordingly (lanes
5-7).
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Fig. S3. Individual NMP incorporation rate constants determined in different sequence contexts for
WT and dFL Pol II. Transcription was performed by addition of the NTP subsets as indicated in the axis
legends to the elongation complexes; the reaction was stopped by addition of 1 M HCI. The time course of
NMP incorporation for WT Pol II is shown in black symbols, for the dFL Pol II — in gray symbols, and for
the Pol II carrying the Rpb2-R504A mutation (C) — in open symbols. The curves represent single
exponential fits (A-C) or double-exponential fits (D) of the time course data. The rate constants obtained
from the fits are shown in the graphs. The assembly was performed with the following oligonucleotide
combinations: the 5’-end-labeled RNA7, TDS45, and NDS45 in the presence of 5 uM each of ATP and
GTP (A, B); the 5’-end-labeled RNA7(20), TDS65, and NDS65 in the presence of 10 uM each of ATP and
UTP (C); the RNA9, TDS76 and NDS79 in the presence of 30 uCi a-[3?P] GTP (D). The elongation
complexes were purified as described in the Experimental Procedures. In (D), the experiment was
performed using a RQF-4 instrument (Kintek Corp., Ausin, TX). The TEC10 was incubated with 200 uM
each ATP, GTP, and CTP for 5 s in the T-loop; subsequently, the content of the T-loop was mixed with an
equal volume of the chase solution containing 400 uM UTP and 200 uM each of ATP, GTP, and CTP was
added to achieve 200 uM each, and the reaction was stopped by addition of 1 M HCI at the indicated time
points.
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FIG. S4. NMP incorporation dependency on NTP concentration. The TEC9 was obtained as described
in Fig.S3A with WT Pol II (A, B) or dFL Pol II (C, D). To determine the correct (CMP) incorporation rate
constants (A, C), the TEC9 formed by WT or dFL Pol II was incubated with the indicated concentrations
of CTP for 0.02 s and 0.03 s, respectively, and the reaction was stopped with HCI. To determine the UMP
misincorporation rate constants (B, D), the TEC9 was incubated with the indicated concentrations of UTP
for 200 and 500 s, respectively, and the reaction was stopped with gel loading buffer. The reactions at each
NTP concentration were performed in triplicates. The symbols show the reaction rates calculated from the
fraction of the extended RNA as described below. The curves show the data fit to an equation k =k ,;x
[NTP]/(K;s + [NTP]). The parameters determined by the non-linear curve fits are summarized in Table 2.
The incorporation rates for the correct substrate were calculated as k = (1/t)xIn(A/ (A-y)) where t is the
incubation time, y is the fraction of the elongation complex that incorporated CMP or UMP and 4 is the
fraction of the active complexes. 4 was determined as a fraction of the elongation complexes that
incorporated CMP after 5 s of incubation with 500 uM CTP; the 4 value exceeded 90% in all experiments.
The above calculation is valid if all the elongation complexes incorporate or misincorporate the substrate
with the same rate; this assumption appears to be valid for the TEC9, but not for other elongation
complexes, for instance TEC20 (Fig. S3).
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FIG. S5. NTP sequestration and phosphodiester bond formation during the escape from the
stall and processive RNA synthesis in WT and dFL Pol II. TEC9 was obtained with WT Pol 11
(A) and dFL Pol II (B) using 5’-end-labeled RNA7, TDS45 and NDS45 in the presence of 5 uM
ATP and GTP. The reaction was started by addition of 1 mM each ATP and CTP, and stopped by
addition of EDTA to assess the NTP sequestration or by HCI to measure the phosphodiester bond
formation. The extent of the first bond (C10+) and the second bond (A11+) was quantified and
plotted versus the reaction time. The EDTA quench data are shown in blue (first bond) and green
(second bond); the HCI quench — in red (first bond) and orange (second bond).
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FIG. S6. Rpb2 fork loop 2 deletion, but not the Rpb2 R504A point mutation, affects the
recognition of the abasic site in the non-template DNA strand. TEC9 was obtained with the WT,
dFL, and Rpb2-R504A Pol II variants with the 5’-end-labeled RNA7, TDS45 and NDS45 (A, B)
or NDS45AB (C, D) in the presence of 5 uM ATP and GTP. The reaction was started by addition of
1 mM each ATP and CTP, and stopped by addition of EDTA to assess the NTP sequestration (A, C)
or by HCI to measure the rate of phosphodiester bond formation. B, D) The extent of the first bond
(C10+) was quantified and plotted versus the reaction time. The time course for WT Pol II is shown
in color (blue for EDTA quench, red for HCI quench); the dFL Pol II time courses are shown in
gray lines and solid symbols, the Rpb2-R504A Pol II time courses are depicted with open symbols
and dashed lines.
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Fig. S7. Transcription properties of Rpb2 fork mutants. The TEC9 was assembled with WT,
dFL, Rpb2 E529Q and Rpb2 P528D/G530A Pol II variants as described in Fig. S5. A and B, the
rate of NTP addition and the sequestration extent were determined as described in Fig. 5 in the
main text. C and D, the apparent kjand K, were determined as described in Table 2.
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FIG. S8. a-Amanitin inhibits the formation of three consecutive bonds by WT and
dFL Pol II. a-Amanitin and substrate NTPs (ATP+CTP at the indicated concentrations)

were pre-mixed and added for 10 s to the TEC9, formed as described in Fig. S5. The
reaction was stopped by addition of the gel-loading buffer.
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Sequence

NDS79 5’ CCT ATA GGA TAC TTA CAG CCA TCG AGA GGG ACA CGG CGA ATA
GCC ATC CCA ATCCACACGTCCAAC GGG GCAAACCGTAY®

TDS76 5 GGT TTG CCC CGT TGG ACG TGT GGA TTG GGA TGG CTA TTC GCC GTG
TCC CTC TCG ATG GCT GTA AGT ATCCTATAGG ¥

NDS65 5’ CCT ATA GGA TAC TTA CAG CCA TCG AGA GGG ACA CGG CGA ATA
CCC ATC CCA ATC GGC CTG CTG GT- ¥

TDS65 57 ACC AGC AGG CCG ATT GGG ATG GGT ATT CGC CGT GTC CCT CTC GAT
GGC TGT AAG TAT CCT ATA GG -3’

NDS50 5 GGT ATA GGA TAC TTA CAG CCA TCG AGA GGG ACA TTT CGA AAA
GAG AACCC3’

TDS50 5’ GGG TTC TCT TTT CGA AAT GTC CCT CTC GAT GGC TGT AAG TAT CCT
ATACC®

NDS45 5” CCT ATA GGA TAC TTA CAG CCA TCG AGA GGG ACA AGG CGA AAA
GAG ¥

NDS45AB | 5° CCT ATA GGA TAC TTA CAG CCA TCG AGA GGG A /iSp/ /iSp/AGG CGA
AAA GAG 3

NDS45MIS | 5> CCT ATA GGA TAC TTA CAG CCA TCG AGA GGG AGT AGG CGA AAA
GAG ¥

TDS45 5’ CTC TTT TCG CCT ACT CCC TCT CGA TGG CTG TAA GTA TCC TAT AGG
3 b

RNA9 5> AUC GAGAGG ¥

RNA7 5"CGA GAGG¥»

RNA7FL 5’ /5S6FAM/UUC AUU CCC GAG AGG 3’

RNA7(20) | 5>CGGCGA A3

RNA9 5" AUC GAG AGG ¥

Table S1. Oligonucleotides used for the elongation complex assembly. The /iSp/ stands for the internal

spacer (abasic site). /S6FAM/ indicates the fluorescein label.
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