++ central dogma + regulation

sugar,
NHs, O,

amino acids, NTP,
dNTP, lipids, ...

ribosomes | ribosomal proteins |

rpl
| structural proteins |

tsx

DNA | transporters | | enzymes |

| regulators | | RNAp | | DNAp |

« |tsx initiation control by transcription factors (TF) I

« tslinitiation control by SRNA and RNA-binding proteins coupled to
* tsx termination control by sRNA and anti-terminators seir;j\::;?:mental

 control of mMRNA and protein degradation

transcriptional initiation and termination

ANA

= - .
= tsx init control by activators, repressors
- " X a e
- / 4 RNA polymerase
- .
> .
1 l basal level
| e Y of transcription
T
— binding site —promoter
RNA
b 0 no transcription
-_— 9 i

g & JI—
v il
RNA J
i isomerization
= leading to
\ D ]

) activated level

—— Y -]
’ — of transcription
promoter
A - §
-l i
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Topic 2: Transcription Initiation Control

A. Mechanisms of tsx initiation in bacteria

1. Components:
« core enzymes of RNA polymerase:

product Functions Sigma factor controls specificity

enzyme assembl 3
ron%oter reco nmyon Core enzyme binds to any DNA

204 (24% i%b?a‘m ginds some activators _—

rpoB P subunit ( o

g (155 kD) & y .
}catalytic center

rpoC B’ subunit §

(160 kD) sigrig, #
D

Gene
Sigma destabilizes binding

* sigma factor:

o subunit \ >
rpoD (32-90 kD) Xpromoter specificity ;

2 Gl p - Holoenzyme binds to promoter

= 465 kD 7N
A\
tualtext www.rgito.com ‘\ 4 virtualtext www.ergit
Gene Factor Use
* E. coli has 6 different o-factors
/l rpoD o0 general
70-80% of genes; e c> stress
’ 32
further regulated by TFs e ® hestshock
rpoE oF heat shock
rpoN o4 nitrogen
- ; 28 F
 core promoter recognition sequences fliA 6 (o) flagellar
Factor -35 Sequence Separation -10 Sequence
ol TTGACA 16-18 bp  TATAAT
532 CCCTTGAA 13-15bp CCCGATNT
o4 CTGGNA 6 bp TTGCA
B cTAAA 15bp  GCCGATAA

* substitution of o-factors =» recognize different set of promoters

"y ‘
“ -~

\

* B. subtilis has ~20 o-factors (include sporulation, competence, ...)
* generally, more complex the life style of organism, more sigma factors
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» core promoter recognized by o’%-factor:  canonical promoter has fuzzy motif
’ [—’ 100
a ) )-)

B3BL_ 110 +1
(6bp) (16-18bp) (6 bp)

75

nucleotide frequency (%)
o
2

* consensus sequence:
l-‘]o 25
17nt H
TTGACA TATAAT [ dn Dl w0l s
O T I T TR C R o T TIAJIAY) T
l -35 1;6-18“ -10 '
nucleotides

occurrence of fuzzy promoter motifs in random sequences:
« 3 out 6 matches in -35 region (6) % 0.253 x 0.753 ~ 13%
3 . .

» degeneracy in spacing (16-18bp) 3
* 4 out 6 matches in -10 region (Z) X 0.25% x 0.75% ~ 3%

=> at given position in the genome, motif occurrence probability

~ 13% x3 x3.3% =~ 1.3%

(one occurrence every ~ 80bp, i.e., everywhere!)

2. RNAp-promoter interaction sy

B’ pincer

downstream
A
aNTD upstream | 47 N VA
DNA A , S

s

= I ) )
UP-element -35 -10
“extended —10”
[l ’ Sigma N-terminus controls DNA-binding
D) D ) ) N-terminus blocks DNA-binding in holoenzyme,
-35 —-10

DNA-binding domains
L 3 T T 2 1 ‘ l l

 — C([ [42]41]B2 51 [s024232221 [12 N --

—> -] . :
melting N-terminal region
The 2.4 helix of sigma determines specificity

670

stabilize
open
bends DNA at -35; complex
facilitates interaction
with upstream activators

DNA displaces N-terminus in open complex

L D
. YOANZANH\\

N-terminal region

Protein

Position 13 -12-11-10-0-8-7 cvituattext wwwergito.com ©vitualtext www €rgit0.com
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+ avail. RNAp conc ~ 30 nM  [McClure, 1983]
=0.5~1uM [Klumpp & Hwa, PNAS 2008]
=~ 1 uM (glc medium) [Balakrishnan et al, Science 2022]

* typical binding constants and rates
(rapid equilibria) (slow)
K, ko K;
R+P I, I, RPg
k—2  (rapid equilibria)

(slow)

n#j

~ N-K
K /K, =107 ~1 = K=Y o0 —o =10 ~107 M
— promoter binding typically very weak, i.e., [RNAp]/ Ki<1
— opportunity for regulation, e.g., boost promoter binding probability

k,=10" ~10" sec”

— fast end need not be faster
[cf: search kinetics]
— another opportunity for regulation

12
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