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1. Problem Studied

. There were two major problems to be studied in the past performance period: 1) the mechanism of
bacterial spore resistance; and 2) the mechanism of regulation of a spore specific protease (termed GPR) which
acts in the first minutes of spore germination on o/B-type small, acid-soluble spore proteins (SASP), GPR is
Tnitially made as a zymogen.

a) Spore resistance -

Major specific aims in this area were TO: 1) determine the relationship between effects of various
illing agents on the viability, loss of dipicolinic acid, loss of ability to germinate and amount and type of DNA
damage in wild type spores of Bacillus subtilis as well as in mutant spores (termed o-B-) lacking the majority of
their DNA protective o/B-type SASP; 2) analyze mutants generated by heat and hydrogen peroxide in o
spores to determine the sequence changes generated by these agents, and thus gain insight into the DNA
damage caused by these treatments; 3) determine the importance of DNA repair in resistance to various
treatments of both wild-type and oB- spores; 4) determine the role (if any) of protective enzymes such as
catalases in spore resistance; and 5) continue to analyze the structure of the o/B-type SASP-DNA complex.

b) GPR

Major specific aims in this area were to: 1) analyze GPR mutants lacking the propeptide for their
activity in vivo during sporulation; 2) examine various forms of GPR for any C-terminal processing; 3)
determine the active site residue(s); 4) engineer the site at which the GPR zymogen (termed Py4g) is cleaved to
the active enzyme (termed P41) to make this sequence more like that cleaved by GPR in o/-type SASP; 5)
generate large amounts of purified P4¢ and P4; for physical studies; 6) elucidate conditions to obtain
processing of P4¢ to P4 in vitro; and 7) identify the enzyme that removes the amino-terminal leucine residue
from Py41. '

As is noted in 2 below, we have made great progress on many of these aims, and have also initiated
several new areas of research.

2. Summary of Important Results

Important results obtained during the past performance period include the following: a) o/B-Type
SASP were shown to protect spores from DNA damage due to freeze drying. b) Wild-type spores were
shown to accumulate DNA damage, probably DNA depurination, upon dry heat treatment. However, a-B-
spores were killed at much lower temperatures than were wild-type spores, and o/B-type SASP protected DNA
in vitro against dry heat induced DNA depurination. ¢) Killing of wild-type spores by organic hydroperoxides
was not by DNA damage. However, o-B- spores were more sensitive to two organic hydroperoxides (cumene
and t-butylhydroperoxide) and were killed by DNA damage. In contrast, a-f- and wild-type spores exhibited
identical sensitivity to peracetic acid, and were not killed by DNA damage. d) Treatments of spores that
resulted in killing by DNA damage resulted in induction of expression of DNA repair genes such as uvrB,
dinR, and recA during subsequent germination and outgrowth of the treated spores. In contrast, treatments that
did not kill spores by DNA damage did not result in induction of these DNA repair genes. €) A mutation in the
recA gene whose product is responsible for turning on many other DNA repair genes generally reduces spore
resistance to treatments that kill by DNA damage, but not treatments that kill by other mechanisms. Thus
killing of wild-type spores by wet heat, hydrogen peroxide, or organic hydroperoxides is not affected by a recA

mutation nor is killing of oB- spores by peracetic acid. In contrast a recA mutation greatly increases the

sensitivity of wild-type spores to dry heat, and the sensitivity of a-B- spores to wet and dry heat, freeze-drying,
hydrogen peroxide, cumene hydroperoxide and t-butylhydroperoxide. f) Elimination of a number of enzymes
that could potentially protect spores against oxidative stress had no effect on spore resistance. Enzymes that
have been tested to date include catalases A and B, both alkylhydroperoxide reductases, and superoxide
dismutase. g) Mutants in the gpr gene lacking the prosequence make an enzyme that is fully active in vivo and
in vitro. However, mutants retaining only five of the 15 propeptide residues make an enzyme that is still a
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zymogen, but this zymogen processes normally to the active enzyme. h) Mutagenesis of the gpr gene such that

the P46 — P41 cleavage site is more like that cleaved by GPR in SASP results in an enzyme that spontaneously
processes to P41 when the alteered genes are expressed in either B, subtilis or E. coli. The latter result strongly
indicates that P4¢ processes itself to P41. i) Studies in vitro with purified P4g showed that the zymogen can
autoprocess correctly to P41 in an intramolecular reaction. Although the zymogen is indefinitely stable under
normal physiological conditions, autoprocessing is stimulated by a decrease in pH to 6-6.5, a high level of
dipicolinic acid (and only the biologically important 2, 6 isomer), and dehydration. All of these conditions are

those in the developing forespore at the time of P4 — P4 conversion in vivo. j) Large amounts of highly
purified P4¢ have been provided for crystallization. Crystals have been obtained, but in preliminary work they -
do not diffract. k) More detailed analysis of the response of purified GPR to inhibitors has shown that the
enzyme is likely not a serine protease. In mutagenesis experiments to date the enzyme's single SH group has
been shown not to be essential for catalysis. 1) Studies of the pH within the developing sporangium of B,
subtilis showed that the forespore pH falls to ~ 6.5 ~ 1 hr before dipicolinic acid accumulation, and just before
3-phosphoglycerate (3PGA) accumulation. All sporulation mutants which failed to show the pH decrease
failed to accumulate 3PGA, while mutants that did show the pH decrease also accumulated 3PGA. In addition,
artificially raising the pH in developing forespores caused a loss in the 3PGA pool, while spores from a strain
overproducing phosphoglycerate mutase contained a significantly reduced level of 3PGA. These data suggest
that the forespore pH decrease is responsible for 3PGA, possibly by inhibiting the pH sensitive
phosphoglycerate mutase.
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