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II. STUDIES CONDUCTED
During the past year we have made significant progress in our
characterization of T7 promoter function, our analysis of promoter recognition, and
our investigation of the T7 lysozyme.
1 ) In our previous work on T7 promoter function it was observed that the
maximum rates of initiation of three class III and three class II promoters showed_ no
class distinctions (Ikeda, R. A., Lin, A. C., and Clarke, J. (1992) J. Bioi. Chem., in
press). Since it has frequently been observed that T7 class III promoters are
qualitatively stronger than T7 class II promoters, we needed to clarify this apparent
contradiction. Consequently, we have determined the relative strengths of T7 class II
and class III promoters by measuring the synthesis of run-off transcripts.
These results showed that the relative strengths of the class III promoters,
4>6.5, 4> 10, and 4> 13, are all comparable ranging from 0.56 for 4>6.5 to 1.00 for •10, while
the relative strengths of the T7 class II promoters, +1.1 B, +1.3, and .3.8, vary widely.
One T7 class II promoter, 4>l.lB (relative strength = 0.33), approaches the strength of
the class III promoters, while the other T7 class II promoters, +1.3 (relative strength =
0.042) and 4>3.8 (relative strength = 0.067) are nearly inactive.
The efficiency of promoter clearance was then determined by measuring the
relative production of small transcription products in comparison to the production
of run-off transcripts. These measurements clearly distinguished the T7 class III
promoters from the T7 class II promoters. It was found that 68% to 75% of all
initiations at the T7 class III promoters 4>6.5, 4>10, and 4>13 produce a run-off
transcript, while only 16% to 36% of the initiations at the T7 class II promoters +I. 1 B,
cp1.3, and 4> 3. 8 produce a run-off transcript. In conclusion it appears that promoter
clearance contributes to the difference in promoter strengths of the T7 class II and
class III promoters.
2) Ms. Sakuntala Warshamana has developed a two plasmid T7 expression
system that can be used to analyze the sequence requirements for a T7 promoter. This
selection system consists of: (1) a promoter selection plasmid bearing a
chloramphenicol acetyl transferase (cat) gene under the control of a T7 promoter,
and (2) a second plasmid expressing T7 RNA polymerase.
When E. coli containing both the plasmid bearing T7 RNA polymerase and the
promoter selection plasmid are spread on LB-agar plates containing ( 1) kanamycin
(kan) and ampicillin (amp), (2) kan, amp, and 1.0 mM isopropyl-1-thio-B-Dgalactoside (IPTG), and (3) kan, amp, anq chloramphenicol (cam), three types of
results are observed. If the promoter selection plasmid carries a strong, wild type T7
promoter (e.g. pCAT10-1) there are approximately 200 colonies on the kan/amp and
kan/amp/cam plates and no colonies on the kan/amp/IPTG plate. If the promoter
selection plasmid carries a sequence that cannot be recognized or utilized by T7 RNA
polymerase there are approximately 200 colonies on the kan/amp and kan/amp/IPTG
plates and no colonies on the kan/amp/cam plate. Finally, if the promoter selection
plasmid carries a sequence that can be weakly recognized or utilized by T7 RNA there
are approximately 200 colonies on the kan/amp and kan/amp/IPTG plates, and
between 25 and 200 colonies on the kan/amp/cam plate.
From a random mutagenesis of a T7 promoter, Ms. Warshamana has collected
177 clones containing inactive promoters, 188 clones containing weak promoters,
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and 139 clones containing strong promoters. We are presently sequencing the
promoters on these clones to determine the essential and nonessential contacts
within the T7 promoter.
3 ) In the past year we have begun to characterize the inhibition of purified
T7 RNA polymerase by purified T7 lysozyme (gene product 3.5). The activity of T7 RNA
polymerse can be determined by measuring the production of RNA that can be
retained on DE-81 filters. Using this assay transcription of wild type T7 DNA by T7
RNA polymerase was monitored in the presence of increasing amounts of T7
lysozyme. It was found that transcription from T7 DNA decreases rapidly as small
amounts of T7 lysozyme are added to the reaction. A two fold excess of T7 lysozyme to
T7 RNA polymerase, decreases transcription SO%. Larger amounts of T7 lysozyme
have progressively less effect on T7 transcription. A 4 or 8 fold excess of T7 lysozyme,
yields RNA polymerase activities of 30% or 23%, respectively, while an 80 fold excess
of T7 lysozyme decreases the activity of T7 RNA polymerase to only 20%. We are
currently examining cloned T7 class II and class III promoters to determine if T7
lysozyme preferentially inhibits transcription from T7 class II promoters.
III.

HUMAN SUBJECTS

Not Applicable.
IV.

VERTEBRATE ANIMALS

Not. Applicable
V.

PUBLICATIONS

Ikeda, R. A., Lin, A. C., and Clarke, J., "Initiation of transcription by T7 RNA
polymerase at its natural promoters." J. Bioi. Chern., in press. (Note: Reprints will
be sent when they become available.)
Ikeda, ~- A., "The efficiency of promtoer clearance distinguishes T7 class II and class
III prorr~oters." J. Bioi. Chern., submitted.
Two other manuscripts are in preparation.
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I.

PLANS FOR 1992-1993

The long term objectives of our studies of T7 RNA polymerase are the same as
those originally proposed at the time of our competitive review--(A) to determine the
·relationship of structure and function in T7 RNA polymerase and (B) to relate
structure/function in T7 RNA polymerase to the mechanisms for the temporal
control of transcription in replicating T7 phage. We have, however, narrowed the
focus of our short term aims to concentrate on the inhibition of T7 RNA polymerase
by T7 gene product 3.5 (lysozyme) and the relationship of enzyme and promoter
structure to RNA polymerase activity. In the next year we plan to:
1) Identify those bases in the T7 promoter that are required for
promoter activity. and measure the relative importance of the bases in
the promoter that are not required for promoter activity
2) Continue to search for promoter permissive mutants of T7 RNA
polymerase in order to identify the regions of the protein that are
involved in the specific recognition of the T7 promoter and
3 ) Determine the mechanism used by T7 lysozyme to inhibit T7 RNA
polymerase.
To identify those bases in the T7 promoter that are required for promoter
activity. we will use the methods described in the original proposal; however, to
measure the relative importance of the bases in the promoter that are not required
for promoter activity we plan to measure the amount of chloramphenicol acetyl
transferase (cat) produced from a cat gene under the control of either mutant or wild
type T7 promoters. This assay will take advantage of the known methods for
measuring cat activity, and will be normalized to negate differences in cell growth
and health.
To identify the regions of the T7 RNA polymerase that are involved in the
specific recognition of the T7 promoter we will examine and characterize possible
promoter permissive mutants of T7 RNA polymerase that have been selected by
second site reversion. The methods needed for this work are described in the original
proposal.
Finally, to determine the mechanism used by T7 lysozyme to inhibit T7 RNA
polymerase we will measure the efficiency of promoter usage and promoter binding
by T7 RNA polymerase in the presence of T7 lysozyme. Again, the methods needed for
this work are described in the original proposal.
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II. STUDIES CONDUCTED
During the past year we have made significant progress in our
characterization of T7 promoter function, our analysis of promoter recognition, and
our investigation of the T7 lysozyme.
1) In our previous work on T7 promoter function it was observed that the
maximum rates of initiation of three class III and three class n promoters showed no
class distinctions (Ikeda, R. A., Lin, A. C., and Clarke, J. (1992) J. Bioi. Chem., in
press). Since it has frequently been observed that T1 class III promoters are
qualitatively stronger than T7 class II promoters, we needed to clarify this apparent
contradiction. Consequently, we have determined the relative strengths of T7 class II
and class III promoters by measuring the synthesis of run-off transcripts.
These results showed that the relative strengths of the class III promoters,
~6.5, ~10, and ~13, are all comparable ranging from 0.56 for .6.5 to 1.00 for •10, while
the relative strengths of the T7 class II promoters, •1.1B, •1.3, and .3.8, vary widely.
One T7 class II promoter, ~ 1.1B (relative strength = 0.33), approaches the strength of
the class III promoters, while the other T7 class II promoters, •1.3 (relative strength =
0.042) and ~3.8 (relative strength = 0.067) are nearly inactive.
The efficiency of promoter clearance was then determined by measuring the
relative production of small transcription products in comparison to the production
of run-off transcripts. These measurements clearly distinguished the T7 class III
promoters from the T7 class II promoters. It was found that 68% to 75% of all
initiations at the T7 class III promoters ~6.5, ~ 10, and ~ 13 produce a run-off
transcript, while only 16% to 36% of the initiations at the T1 class II promoters .1.1 B,
~ 1.3, and ,3.8 produce a run-off transcript. In conclusion it appears that promoter
clearance contributes to the difference in promoter strengths of the T7 class II and
class III promoters.
2) Ms. Sakuntala Warshamana has developed a two plasmid T7 expression
system that can be used to analyze the sequence requirements for a T7 promoter. This
selection system consists of: (1) a promoter selection plasmid bearing a
chloramphenicol acetyl transferase (cat) gene under the control of a T7 promoter,
and {2) a second plasmid expressing T7 RNA polymerase.
When E. coli containing both the plasmid bearing T7 RNA polymerase and the
pro!noter selection plasmid are spread on LB-agar plates containing (1) kanamycin
(kan) and ampicillin (amp), (2) kan, amp, and 1.0 mM isopropyl-1-thio-B- Dgalactoside (IPTG ), and (3) kan, amp, and chloramphenicol (cam), three types of
results are observed. If the promoter selection plasmid carries a strong, wild type T7
promoter (e.g. pCATl0-1) there are approximately 200 colonies on the kan/amp and
kan/amp/cam plates and no colonies on the kan/amp/IPTG plate. If the promoter
selection plasmid carries a sequence that cannot be recognized or utilized by T7 RNA
polymerase there are approximately 200 colonies on the kan/amp and kan/amp/IPTG
plates and no colonies on the kan/amp/cam plate. Finally, if the promoter selection
plasmid carries a sequence that can be weakly recognized or utilized by T7 RNA there
are approximately 200 colonies on the kan/amp and kan/amp/IPTG plates, and
between 25 and 200 colonies on the kan/amp/cam plate.
From a random mutagenesis of a T7 promoter, Ms. Warshamana has collected
177 clones containing inactive promoters, 188 clones containing weak promoters,
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and 139 clones containing strong promoters. We are presently sequencing the
promoters on these clones to determine the essential and nonessential contacts
within the T7 promoter.
3 ) In the past year we have begun to characterize the inhibition of purified
T7 RNA polymerase by purified T7 lysozyme (gene product 3.S). The activity of T7 RNA
polymerse can be determined by measuring the production of RNA that can be
retained on DE-81 filters. Using this assay transcription of wild type T7 DNA by T7
RNA polymerase was monitored in the presence of increasing amounts of T7
lysozyme. It was found that transcription from T7 DNA decreases rapidly as small
amounts of T7 lysozyme are added to the reaction. A two fold excess of T7 lysozyme to
T7 RNA polymerase, decreases transcription SO%. Larger amounts of T7 lysozyme
have progressively less effect on T7 transcription. A 4 or 8 fold excess of T7 lysozyme,
yields RNA polymerase activities of 30% or 23%, respectively, while an 80 fold excess
of T7 lysozyme decreases the activity of T7 RNA polymerase to only 20%. We are
currently examining cloned T7 class II and class III promoters to determine if T7
lysozyme preferentially inhibits transcription from T7 class II promoters.
III.

HUMAN SUBJECTS

Not Applicable.
IV.

VERTEBRATE ANIMALS

Not Applicable
V.

PUBLICATIONS

Ikeda, R. A., Lin, A. C., and Clarke, J., "Initiation of transcription by T7 RNA
polymerase at its natural promoters." J. Bioi. Chern., in press. (Note: Reprints will
be sent when they become available.)
Ikeda, R. A., "The efficiency of promtoer .clearance distinguishes T7 class II and class
III pron'.oters." J. Bioi. Chern., submitted.
Two other manuscripts are in preparation.

