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“Anatomy” of a typical eukaryotic gene
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General characteristics of promoters

 - multiple cis elements

 - redundancy (more than one kind of cis
element, more than one copy of specific
elements)

 - expression properties can be additive



Studying transcription factors

1.  Identify DNA binding proteins that
recognize specific cis elements

•high affinity

•correlation between action of
mutations on in vivo promoter activity
and in vitro DNA binding

•presence of activity in appropriate
tissues or under relevant conditions

2.  Demonstrate direct effects on
transcription

•in vitro

•in vivo



Dissecting Promoters

•Transient expression

Introduce test constructs into populations
of cells, examine expression after hours or
days

Host for expression - can be protoplasts,
cultured cells, sectors in plants

Means of delivery of genes -
electroporation, Ca co-precipitation,
biolistics

Advantages:  speed, relatively unaffected
by chromosomal position effects, is
quantitative, does not require highly
specialized vectors or selection schemes

Disadvantages:  not useful with many
promoters that are developmentally or
environmentally controlled
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•Stable transformation

Stably introduce test constructs into plants,
examine expression in mature plants (or
under appropriate conditions)

Advantages:  can study events related to
development, responses to environment,
etc.

Disadvantages:  slow, requires specialized
vectors and regeneration systems, difficult
to quantify results (because of line-to-line
variability in expression characteristics)
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Methods for studying DNA binding
proteins

•"Gel-shift" (electrophoretic mobility shift
assay, or EMSA)

(-)

(+)

protein
wt DNA

mutant DNA

- +
-

+
- +

+

+
-

- - -

labeled DNA

DNA-protein 
complex



•Footprinting
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Transcription factor
family sequence motif? general structural properties

bZIP

bHLH

MYB

homeodomain

MADS-box

Zn finger proteins

HMG box

HSFs

GT-1

others

ACGT core
basic region (DNA binding) + leucine 
zipper (protein-protein interaction)

comments

light, stress, hormone 
responses, cell cycle control

basic region (DNA binding) + helix-
loop-helix (protein-protein interaction)

pigmentation

similar to protooncogene myb (repeats 
of a triple helical motif, with important 
tryptophans)

pigmentation, trichome initiation

contain conserved homeodomain DNA 
binding motif

N-terminal DNA binding domain (basic, 
hydrophilic) and hydrophobic C-
terminus

characteristic array of cys and his 
residues involved in Zn binding

GATA-1 family

DNA binding domain homologous to 
high mobility group chromosomal 
proteins

N-terminal DNA binding domain (helix-
turn-helix), C-terminal leucine zipper-like 
motifs

HSEs 

GT motifs 

AP2, IBP1, VP1, GBF (14-3-3), 



Transcription factors in plants

Factors that bind known promoter elements have been
identified

In some cases, correlations between activity in extracts
and expression patterns have been seen

Evidence for a direct involvement in transcription has
come from genetic studies

Plant transcription factors can work in mammalian
systems, and yeast factors in plants

The components of the core transcription apparatus in
plants are similar to those of yeast and mammals, and in
many cases are functionally interchangeable

 - the basic mechanism of transcription initiation seems
to be conserved in eukaryotes



KD = 
koff
kon

 

For proteins in aqueous solution, diffusion limits kon to about 107 M-2 s-1

☛  If KD is 10-8 M-1, koff is 10-1 M-1 s-1 (this means a t1/2 for dissociation of 10 s)

if KD is 10-11 M-1, koff is 10-4 M-1 s-1 (this means a t1/2 for dissociation of 3 hr)

☛  proteins can bind too tightly;  this limits physiological KDs to between 10-8

and 10-10 M-1 (providing no other mechanisms regulate binding, activation, etc.)

What is the concentration of promoter elements, transcription factors in the
nucleus?

In a nucleus with a diameter of 10 µ m, promoter elements range from 5 x 10-12 M
(a single copy gene, with a unique cis element) to > 10-9 M (large gene families with
redundancy in their promoters, housekeeping genes, etc.).

Transcription factors range from a few hundred per cell (5 x 10-10 M) to 104 or more
(10-8 M)

For low copy genes (those important in development, responses to environment,
and many other important classes), these numbers are below possible
physiological KDs.

☛  trans factors act at concentrations below saturation (promoters will largely
be unoccupied)

this problem is magnified with promoters with multiple different cis elements
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Chromosome structure and transcription
initiation

DNA methylation

•can change the interactions of DNA binding
proteins with DNA -> negative effects on
transcription

•can change the apparent availability of a promoter
for transcription factors -> positive effects on
transcription

•can affect processivity of RNA polymerase II

histone acetylation

•can "open" nucleosome structure -> greater access
to transcription factors

•repressors can act to recruit silencing complexes to
unacetylated nucleosomes

•activators may recruit histone acetylases ->
promoting formation of enhanceosome
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Lessons

•single promoter elements can yield light/dark
regulation

•“faithful” tissue specificity requires combinations
of elements

•combinations of different elements can yield
similar promoter properties

•the effects of some elements are dependent on
overall promoter context

•light/dark regulation leads to lower overall
expression levels

•the properties of promoters with multiple elements
are not the sum of the properties of promoters with
single elements
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“G” GATA GT1 GATA

From:  Chattopadhyay et al., Plant J.  15, 69-77, 199843.
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From:  Chattopadhyay et al., Plant J.  15, 69-77, 199843.
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VP16 activation domain - from the Herpes simplex virus 
transcriptional activator; representative of acidic 
activation domains

tet repressor - regulatory gene for expression of the 
tetracycline resistance gene (found on bacterial 
plasmids); the DNA binding domain also binds 
tetracycline, whereupon affinity for DNA is lowered

a combination of a bacterial DNA-binding domain 
and an animal activation domain can work in plants 
(and other eukaryotes)
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VP16 activation domain - from the Herpes simplex 
virus transcriptional activator; representative of 
acidic activation domains

gal 4 transcription factor - regulatory gene for 
expression of genes that encode galactose catabolic 
enzymes in yeast; the DNA binding domain 
recognizes a specific cis element that can be 
incorporated into other promoters

“GR” - mammalian glucocorticoid receptor;  the 
receptor contains a domain that binds both 
glucocorticoid and HSP90’ when bound to HSP90, 
the receptor remains in the cytoplasm, where it is 
unable to activate transcription; binding of 
glucocorticoid leads to dissociation from HSP90, 
followed by nuclear import and transcriptional 
activation of target genes

a combination of a yeast DNA-binding domain, a 
mammalian steroid hormone-binding domain, 
and an animal activation domain can work in 
plants (and other eukaryotes)
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