What do you learn from binding
constants and rate constants?

Regulatory effects on RNA
polymerase

Inducers
Repressors
Activators

Inducer lowers the Kg for repressor binding
to operator
lac repressor lac repressor
Operator nonspecific site
+ &= —

Kg = Kg = 2x1013 M1 Kg = Kys = 2x106 ML

In the presence of inducer:

lac repressor
B -=P

Kg = Kg = 2x1010 ML

nonspecific site
ES s

Kg = Kyg = 2106 M-

Specificity parameter (See also Appendix A)

Ratio of Kg to Kyg decreases 1000 fold in presence of
inducer.

Specificity = 5 =107 in absence of inducer

— =10* in presence of inducer

Nonspecific sites are in vast excess over operator
sites. Thus, in the presence of inducer, the repressor
is redistributed so that the operator is not occupied.

Virtually all the repressor is associated with DNA

10 molecules of repressor/cell means [P] = [R,] = 1.7x108 M

4.6x106 nonspecific sites on DNA/cell means
total [D] = total [Dyg] = 7.64x103 M

KB - [DP] = KNS - [RADNS] = 2x106 M1t
[D1[P] [R,] [Dysl

Ra - _1 - : = 6.5x10°5

[R,Dysl Kys [Dnsl (2108 M )(7.64x10°3 M)

Only about 1 in 15,000 repressor molecules is NOT bound to
DNA.

Can calculate bound to free DNA while
considering both specific and nonspecific binding

[R,Dg]
Soecific Ks [R4] [Dg] [R,Dg] [Dysl
pecificity = — = = X
Kus [R,Dys] [Ds] [R4Dysl
[R4] [Dysl

[Ra] otai - [Psliota
since [R ylfee is Negligible,
D, is close to saturated with R,

Ks _ [R,Ddl [Dpsl
e X
Kys [Ds] [Ral total - [Dslotal

/
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Inducer shifts the distribution of repressor so
that more is bound to nonspecific DNA

Ks _[RDd [Pyl
- X
Kys [Os] [Ral totar = [Dslota

K
—S_ =107 in absence of inducer

Kns [RDg Most of the operators
— = 20 are bound by repressor.
[Dsl
KS . .
— =104 in presence of inducer
Ks [R,DJ Most of the operators
= 0.02 |are NOT bound by repressor.

[Dsl

Converting ratios of bound/free to
fractional occupancy

If alb = x, then al(a+b) = x/(1+x).

If %zx, then a = bx

and

atb bx+b  b(x+1) x+1

Fractional occupancy of operators
Note: [R,Dg] + [Ds] = [Dsho
‘ In the absence of inducer: ‘
[RaDs] = 20 then [R4Ds] = ﬂ: 0.95
[Ds] sl 21
‘About 95% of operators are bound by repressor.

‘ In the presence of inducer: ‘

[RDs] _
=0.02 then
[Ds] Dl 102

‘About 2% of operators are bound by repressor.

R,D
[RsDsl _ 0.02 = 0.02

Operator mutants decrease the
affinity of repressor for operator

e Appendix B

Effect of repressor on RNA
polymerase at the promoter

Repressor increases affinity of polymerase for

promoter
RNA polymerase
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Kg = Kg = 2.5x10° M1




Repressor decreases rate of transition
from closed to open complex

e

Events at promoter DNA
initiation of " | ]

transcription %
Songaton compiax o

closed complex

sigma dissociates
T translocate
open ccmplex\ ;%

i make RNA 7-12 nt
RNA —

abortive initiation

Abortive initiation assay

Let R = RNA polymerase, P = promoter (closed), and Po=
promoter (open)
K K ATP + UTP*
B, f
R+P = RP = RPo

Kk, pppA*pU*puU  Abortive
transcripts

A*pU*pU
[PPpA*pU*pU] -

time

Measure k: and Kg from lag time vs. 1/[R]

Lag time in abortive initiation assay is inversely proportional to [R].

Lagtime= —1 _ yx 1 4+ 1_
Kek  [R] e
Lag time ~ _ 1
Slope = K, K,

1
[R]

Y-intercept =

5|H\\

Effect of lac Repressor on RNA polymerase

* RNA polymerase binds more tightly to the
promoter when Repressor is bound to the
operator.

— Effect on K, favors transcription.

* The k; for the closed to open transition is
less when repressor is bound to the
operator.

— This k; effect accounts for the repression of the
lac operon in the absence of inducer.

Activation of transcription by CAP

e CAMP-CAP interacts directly with RNA
polymerase

 Binds to alpha subunit of RNA polymerase

 For lac operon, this increases Kg for binding
of polymerase to promoter.

« At other operons, CAP binds to a different
surface of the alpha subunit and increases

k; for isomerization from closed to open
complex.




CARP (llustrates the fact that a single
protein can interact with RNA Pol via
different contact surfaces

The CTD of the alpha subunit of RNA
Pol can bind to UP sequences

UP sequences are

in the promoters of
P genes for tRNAs

e Er o PP and rRNAs.

Y P35
(-57) 5 AAAATTATTT 3 (-35)

The CTD of the alpha subunit of RNA
Pol can interact with activators

Class | promoters:
CAP binding sites
upstream of -35,
E.g. centered at -62,
-83, -93.

1)

DA - -

)y
Class Il promoters:

CAP binding sites
centered at -42,
Overlaps -35 box.

DI da-

CAP has 2 activation regions

CAP/DNA

%
Purple - AR3 White - AR1
FNR homolog i g, ok Class I promoters

Red - AR2
Class IT promoters

Activation Surfaces

Red- CAP

Yellow - P2-Ogr & P4-d
Blue-FNR

Green - OmpR

Purple - AraC, CysB, MelR

Interactions of CAP with alpha subunit of RNA
polymerase

AR1 (residues 156-164) of CAP:
At class | promoters, AR1 in the downstream subunit
"sees" residues 258-265 of CTD of alpha; increases Kg .

AR2 (residues 19, 21, 96, 101)

At class Il promoters, AR2 in the downstream
subunit "sees" alpha NTD residues 162-165,
increasing k; for isomerization from closed to open
complexes.




lag time, in sec

L[RNAP], in [M] 2

Example Problem
e
I
8
D‘ : ‘1‘.0)(10‘8‘ : ‘2.0)(]108‘ : ‘3,0x‘1(}5‘ .

4.0x108

kf

What is the value of the forward rate constant (k; ) for closed to
open complex formation under the two different conditions?




