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The expression of the wheat Cab-1 gene encoding the major chloro~·~ 
ohyll a/b binding protein is light regulated and ti5sue specific, it is 
mediated by phytochrome and further modulated by a circadian clock. The 
regulation is exerted at the transcription level and by S'deletion mutant 
analysis we defined several els-acting regulatory sequences involved in 
this c~mplex expression pattern. The analysis of in vitro constructed 
chimaeric genes in transgenic plants allowed us to localize the cis­
regulatory sequ8nces for leaf-specific expression, for light-r&gulated 
expression and for circddian clock regulated expression. 
1. We have recently defined the exact position and nucleotide 

sequence of the els-acting elements by in vitro footprinting, 
2. ~le characterized by gel retardation assays and mutation analysis 

t~ose ONA-binding proteins that specificaily bind to tne Cab-1 
promoter reJions thus defined, 

3. We are presently engaged in isolating ~enes encoding the above 
described DNA-bindin~ rroteins (transcription factors); 

4. In the near future we intend to determi~e t~e expression pattern 
of the genes encoding these various trans-acting proteins and to 
ch~racterize them in vivo under various physiological conditions 
(light vs. dark, leaf vs. root, etc.). 

These studies will help to understand tne ~olecular mechanism of 
nuclear gene transcription in higher plants and will provide information 
a~ou~ the terminal steps of various signal transduction chains affecting 
:,: e~pression of the Cab-1 gene. Judicious overexpression or inhibition 
cf tne genes encoding the trans-acting proteins involved can lead to 
~h~ formation of novel regulatory circuits for gene expression in higher 
C'laf"lts. 
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1. Characterization of cis-acting elements interacting specifically with DNA-binding 
proteins. 

A. DNase I footprinting experiments 
In order to precisely define the position and sequence of the cis-acting elements of the 

wheat Cab-I promoter involved in DNA-protein interactions, DNase I footprinting experiments 
will be performed. We intend to carry out in vitro DNase I footprinting using light ·1s. dark 
grown tobacco and wheat leaf nuclear extracts and leaf vs. root nuclear extracts. These 
experiments will allow us to determine whether the low level expression of the Cab-1 gene in 
roots and dark grown leaves and its high level expression in light grown leaves can be 
correlated with differential footprints. To characteri2i! cis-acting elements of the wheat Cab- I 
promoter for circadian clock responsive gene expression, in vitro footprinting experiment; using 
nuclear extracts prepared at 3 hour intervals throughout the day will be carried out. 

B. Gel retardation assays. muragenesis experiments 
In order to identify protein factors present in nuclear extracts isolated from various 

sources, gel retardation assays will be performed. Synthetic oligonucleotides identical with the 
footprinted regions of the Cab- I promoter will be radiolabelled and used as binding targets. The 
sequence specificity of binding will be assessed by competition with unlabelled specific 
competitor DNAs. Cross competition experiments using various cis-regulatory sequences as 
competitors will reveal the exact number of the various nuclear factors that bind to specific 
regions of the Cab-1 promoter. In order to characterize the relative importance of the individual 
nucleotides whithin the foot-printed region, synthetic oligonucleotides will be testea for their 
ability to cross-compete with wild type binding sequences. 

2. lsolat~on and characterization of genes encoding DNA-binding proteins involved in the 
regulated expression of the wheat Cab-I gene. 

A. Construction of gr! I expression libraries 
Gel retardarion assays combined with foot-printing experiments will reveal the number 

of cis-acting elements and the number of putative DNA-binding proteins interacting with the 
various probes representing the upstream region of the Cab-I gene. PolyA~ mRNA from 
various tobacco and wheat tissues will be purified and cDNA libraries in gtl I expression 
vectors will be constructed. 

8. Cloning of cDNAs encoding DNA-binding proteins using recognition sire probes 
To isolate cDNA clones encoding DNA-binding proteins specifically interacting with 

unique cis-acting regulatory sequences of the Cab-1 gene, gt 11 expression libraries will be 
screened with Cab-1 promoter S•:quences identified as recognition sites. This strategy will 
hopefully obviate the necessity of purifying these proteins prior to isolating their ge;les. 

C. Characterization of isolated genes codingftJrtranscriptional activators specificforthe Cab-I 
promoter 

Proteins from selected cDNA clones will be purified and antisera will be generated. 

... ... 
' 

Parallel with this work, tobacco and wheat genomic libraries will be constructed in EMBL 4 
cloning vector and screened with the appropriate cDNA clones. Selected genomic clones will \ 
be transformed into tobacco and their expression patterns will be ana!yzed. 
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1. Characterization of cis-acting elements interacting specifically with DNA-binding 
proteins 

A. DNase I footprinting experiments 
We prepared nuclear extractli at different time points from various tissues of tobac.:o and 

wheat plants grown under different light/dark conditions and performed the planned DNase I 
footprinting experiments. We concluded that promoter regions of the Cab-1 gene, designated 
as CabA (-244-220), CabB (-216-196), Cabe (-188-170), CabD (-154-130) and CabE (-120.·90) 
are the most likely candidates for binding transcription factors necessary for regulated 
C;xpression. For the exact sequence of these motifs see Tabie 1. 
B. Gel retardation assays. muragenesis experiments 

We showed that each identified region of the Cab- I promoter is able to bind nuclear 
proteins present in nuclear extracts isolated from various sources. Furthermore we concluded, 
based on cross competition experiments, that these sequence motifs interact with five different, 
unique transcription factors. The relative importance of the individual nucleotides whithin the 
footprinted region for interaction with these nuclear proteins was also determined. The results 
of these experiments are shown in Table I. 

Table 1. 
CabA:AAGCAGCGGTCTC1TfCGACTTG 
CabB:AGCTGGT.C.C.AGTCACGAGCC 
CabC:AGCCCTAACCATAGCCACAA 
CabD:TACATCTCAT~ATTTAA 
CabE: .TTC I 111 CACCACCGTCTCTC 
Sequences of cis-regulatory elements of the wheat Cab-I promoter determined in vitro by foot­
printing and gel retardation assays. Binding of nuclear proteins was completely eliminated by 
mutations at the positions underlined. 

2. Isolation and characterization of genes encoding DNA binding proteins involved in 
the regulated expression of the wheat Cab-1 gene 

A. Construction of gt/ I expression libraries 
We isolated poly(A)• mRNAs from leaf tissue of dark or tight grown tobacco and wheat 

plants and constructed four cDNA libraries as planned. 
B. Cloning of cDNAs encoding DNA binding proteins Ufing recognition site probes 

Several cDNA clones coding for proteins specifically interacting with the CabA and 
CabE sequence motifs of the Cab- I promoter have been isolated. Sequence analysis of the 
isolated cDNA clones revealed that the deduced amino acid sequence of these putative 
transcriptional factors displayed i./ (CabA) high homology to histone HI and ii./ (CabE) high 
homology to the recently identified GT-I transcriptional activator shown to be involved in the 
light and tissue specific expression of the pea rbcsA gene. 
C. Characterization of isolated genes coding for transcriptional activators specific for the Cab-I 
promoter 

Genomic clones corresponding to th<; identified cDNAs have been isolated and 
sequenced. Expression levels and patterns of genes encoding these putative transcriptional 
activators have been identified. Regeneration of transgenic tobacco plants expressing these 
cDNAs under the control of various tissue snecific ard inducible oromoters is in '" ·~ . ., 
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Part3 

1990-1991 

1. Characterization or cis-acting elements interacting !pttifkally with DNA-binding 
proteins. 

In the first year we plan to complete the characterization of cis-acting elements involved 
in the regulated expression of the Cab- I gene. To identify DNA sequences responsible for the 
phytochrome responsiveness and for the circadian clock regulated gene expression, analysis of 
transgenic tobacco plants expressing a series of 5'-deletion mutants as well as chimeric gene 
constructs comprising various regions of the Cab-1 promoter will be completed. These 
experiments and in vitro footprinting assays will, hopefully, lead to the identification of the 
exact position of regulatory elements required for maximal, regulated expression in various 
tissues .and under various environmental conditions. Simultaneously the first gel retardation 
assays will be performed in order to determine the number of proteins interacting with the 
wheat Cab-1 promoter. Based on the results, the first cDNA libraries will be constructed. 

1991-1992 

2. Isolation and characterization or genes encoding DNA binding prote~ involved in the 
regulated expression or the wheat Cab-1 gene. 

We plan to continue the construction of various cDNA libraries and will attempt the 
isolation of the first cDNA clones encoding transcriptional factors specific for the Cab- I 
promoter. Cis-regulatory elements shown to be necessary for the regulated expression of the , 
Cab-1 gene will be mutagenized and the effect of mutations will be determined in vivo (i.e in ', 
transgenic plants). During ttiis period we hope to isolate the first positive cDNA clones and, 
based on the deduced amir.o aciJ sequences, to obtain the first information about the molecular 
properties of these trans-acting factors. Parallel with this experiments the first genomic libraries 
will be constructed and cDNA clones coding for putative DNA-binding proteins will be used 
as probes to screen these genomic libraries. 

1992-1994 

3. Isolation and characterization or genes encoding DNA binding proteins involved in the 
regulated expression of tbe w)leat Cab-I gene. 

Isolated genomic clones coding for DNA-binding proteins will be sequenced. The 
characterized genes will be expressed in transgenic plants using different plant promoters with 
various regulatory features. We will attempt to express these genes in a novel pattern anc! study 
the biological consequences of the newly created regulatory circuits. The dau compiled in this 
three-year period will hopefully allow us to determine the in vivo function of these 
transcriptional factors in various signal transduction pathways mediating the expression of the 
wheat Cab- I gene. 
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l. Characterization of cis-acting elements interacting specifically with DNA binding 
proteins 

The biological relevance of the putative cis-regulatory elements, identified by foot­
printing and gel retardation assays, was characterized in transgenic plants in l'ivo. Analysis of 
transgenic plants expressing chimeric ger.es whose promoter contained the various tetrarnerized 
derivatives of the putative regulatory motifs linked to the TATA-box region of the the 
cauliflower mosaic virus 355 promoter revealed that four out of the five footprinted sequence 
motifs are involved in regulating the leaf specific expression of the wheat Cab- I gene, but none 
of them is sufficient to confer ~ix>nsiveness to phytochrome and the circadian clock in this 
promoter context. Detailed analysis of the expression pattern and level of the wheat Cab- I gene 
ind~.::ated that transcription of thi~ gene is, most likely, regulated by multiple, overlapping cis­
acting regulatory elements and/or by multiple interacting transcription factors. We assume that 
footprinting and gel retardation assays failed to determine the exact sequences of these 
regulatory elements, most likely, because of the low abundance of these transcription factors 
in the isolated leaf nuclear extracts. To define the localization and number of cis-regulatory 
elements required for phytochrome and circadian regulated expression we generated a series of 
site-specific mutations (linker scanning) in the promoter region of the Cab- I gene (between -211 
and -90) and introduced these mutants in transgenic tobacco plants. Characterization of the 
expression pattern of these newly generated Cab-I promoter mutants is in progress. Preliminary 
data indicate, in good agreement with our hypothesis, that the footprinted cis-regulatory 
elements are necessary but not sufficient as independent units to confer circadian and , .. 
phytochrome regulated gene expression of the Cab-I gene. 

1992-93 

2. Isolation and characterization of genes ~ncoding DNA binding proteins involved in 
the regulated expression of the wheat Cab-I gene 
Parallel with the analysis of transgenic plants we constructed several cDNA and genomic 

libraries from tobacco and wheat seedlings. We screened (using the so-called South-Western 
technique) our expression libraries with the octamerized and radiolabelled synthetic 
oligonucleotides representing th~ various footprinted sequence motifs of the Cab-I promoter. 
We identified several cDNA clones and to date we have characterized two types. The deduced 
amino acid sequences of these proteins displayed high homology to transcription factors or to 
known proteins. The isolated proteins specifically interacted with the CabA (histone HI) or 
CabE (GT- I transcription factor) cis-regulatory elements which were shown to be necessary and 
sufficient for leaf specific expression in trutsgenic tobacco plants. These results show that these 
cis-regulatory eiements (CabA, CabE) and the interacting transcription factors are components 
of the signal transduction pathway mediating the leaf specific expression of the Cab-I gene. 

Furthermore we showe1 that the mRNA level of the histone HI gene exhibited a 
characteristic diurnal oscillation. This observation, together with the fact that HI histones are 
able to bind to a well-defined sequence whithin the Cab promoter (CabA) indicate a role for 
plant histones in the activation of Cab- I transcription by the biological clock. r:xperiments 
designed to prove the direct involvement of HI histones in the regulation of the Cab- I promoter 

· (i.e. analysis of transgenic plants expressing mutant Cab genes containing mutated CabA motifs) 
are iil progress. 
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We are in continuous although informal contact and collaboration with the following 
laboratories: 

I. T. BOmer, Humboldt University, Berlin 
2. N.-H. Chua, Rockefeller University, New York 
3. E. Schafer, Albert Ludwigs University, Frei'1urg 

Please see attached sheet. 
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