Text S3 - Estimate of association, dissociation and initiation rate

from a o"-dependent promoter

In this section, we consider transcription initiation from ¢V-dependent promoters, a paradigmatic
case of saturated promoters, in more detail. Friedman and Gelles [67] measured the kinetic steps
involved in the initiation of transcription of the S. typhimurium glnALG promoter driven by the
E. coli EoV in a single molecule experiment with physiological concentrations of activators, and
NTPs. They found the following kinetic scheme:

Eo™ + prec ::11 pEa % pEay ::33 PEGY % ppree + Eo™*, (1)
where pEol¥ and pEod are two (intermediate) closed complexes and pEO'éV is the open complex.
The rate k3 describes the isomerization from the closed to the open complex and depends on the
concentration of activators (NtrC in this specific case) and of ATP. The rate of transition from
the open complex to elongation, k4, depends on the concentration of NTPs. From the measured
values of the rates at high activator and ATP concentration and at physiological concentration
of NTPs (k_; = 0.32 sec™!, ky = 2.1-10" M lsec™!, ko = 81073 sec™!, ko = 0.1 sec™!,
k_z =0.11-1073 sec™!, k3 = 1.9-1073 sec™! and ks = 0.17 secfl), ks is found to be the rate
limiting step for the initiation of transcription.

In our model, the initiation of transcription is described by a Michaelis-Menten reaction scheme
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which can be considered as a coarse-grained description of the complete scheme 1 above: The

transcription rate obtained from Scheme 1 can be rewritten in Michaelis-Menten form

[EU] . kpra + QpEs
J = o|lp| —=————— th Kypg = ———
QpE [p] KpEo’ n [EO’] Wi pE kpra
via the relations
ktpEe = k1
k_1k_ok_3+ k_1k3ks + k_1k_ok4
kpra =

k_ok_3+ k_gk_3+ koks + k_oks + koky + k3ky
koksky
k_ok_s+ k_ok_3 + koks + k_oky + koky + ksky

QApEo =

Note that kg, and apps depend on the concentrations of activators, ATP, and NTPs via k3 and
k4. Under conditions of high activator, ATP, and NTP concentration, these rates are obtained
from the kinetics parameters measured by Friedman and Gelles as kppp, = 2.1 - 10" M~ 'sec™ 1,
kopro = 2.8 1072 sec™t, app, = 1.7-1072 sec™! and K, = 1.4 nM, from which a,p, (which is
proportional to k3 for small k3) results as the rate limiting step. The transcription rate depends

approximately linearly on k3, but the Michaelis constant K,g, of the glnALG promoter does not



change much upon a change in the concentrations of activators, ATP and NTPs. In particular, for a
ten-fold down- or up-regulation of transcription (via modulation of k3), Kpr, changes only 1.2-fold
and 2.6-fold (i.e. Kpr, = 1.16 nM and 3.7 nM), respectively. As a consequence, oN-dependent
promoters of the type of the ginA LG promoter are indeed saturated by holoenzymes, even for very
low holoenzyme concentration (e.g. 10 nM which correspond to less than 10 molecules per cell).

Thus, they can be expected to be insulated from sigma factor competition.



