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Germinating spores of Bacillus subtilis mutants which lack small, acid-soluble spore proteins a and I8 did not
exhibit the transient elevated UV resistance seen during germination of wild-type spores.

Dormant spores of various Bacillus species are much more
resistant to UV irradiation than are the corresponding veg-
etative cells (2). This elevated spore UV resistance appears
to have two causes. First, UV irradiation of spores does not
produce the pyrimidine dimers formed in vegetative-cell
DNA, but rather produces several other photoproducts, the
most predominant of which is termed the spore photoprod-
uct, a 5-thyminyl-5,6-dihydrothymine adduct (1, 10). Sec-
ond, spores have at least two mechanisms which efficiently
repair this spore photoproduct during spore germination,
including one which monomerizes the adduct back to two
thymines (7, 12).

Surprisingly, when spores germinate they go through a
transient stage of extremely high UV resistance, much
higher than that of the dormant spore (3, 9, 13). This stage
lasts only 1 to 6 min for individual spores (4). In spores of B.
megaterium and B. cereus, this period of high UV resistance
is correlated with a low efficiency of formation of spore
photoproducts as well as of pyrimidine dimers in DNA (9,
13). It was suggested that this was due to a transient change
in DNA structure or environment which rendered the DNA
photochemically unreactive (9). In contrast to these results,
the transient UV resistance of germinating B. subtilis spores
was suggested to be due to a highly active germination repair
system which is specific for pyrimidine dimers (11). How-
ever, detailed kinetic analysis of changes in UV resistance
during B. subtilis spore germination suggested that the
UV-resistant stage in this organism was also accompanied
by a period of diminished photoreactivity of spore DNA (3,
4).

Recently, it has been shown that spores of a B. subtilis
mutant which lacks two closely related major small, acid-
soluble spore proteins. (SASP), termed SASP-ci and -, are
actually more UV sensitive than are vegetative cells of this
mutant. However, the vegetative cells of the mutant (termed
x-p-) have UV resistance identical to that of wild-type
cells. Spores of a mutant lacking only SASP-cx (termed a-)
exhibit intermediate UV resistance (5). Strikingly, UV irra-
diation of ax-- spores generates significant levels of pyrim-
idine dimers in DNA, suggesting that SASP-a and -P are
somehow involved in the change in spore DNA which alters
its UV photochemistry in vivo (8). Since formation of
pyrimidine dimers in dormant spore DNA was accompanied
by increased UV sensitivity, this suggested that the dimers
were not efficiently repaired by a germination-specific repair
mechanism which caused the transient UV resistance during
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spore germination. If efficient repair of dimers formed in
dormant spores did take place, then the a3-,- spores would
have been UV resistant, not UV sensitive. This further led to
the prediction that the ao- - spores would not show a
transient increase in UV resistance upon spore germination.
To test this prediction, spores of B. subtilis 168 and its

isogenic a- and a-0- derivatives were prepared as de-
scribed previously (5). Spores were heat shocked in water
for 15 min at 70°C. After cooling on ice, spores were
germinated at an A600 Of ca. 0.75 in 28 mM glucose-5.6 mM
L-alanine-20 mM NaPO4 (pH 7.2) at 37°C. At various times,
samples were diluted 75-fold in cold 0.15 M NaCI-20 mM
NaPO4 (pH 7.2), irradiated as previously described (5) for 30
s with a dose of 390 J/m2 (wild-type and a- spores) or 76 J/m2
(a3-- spores), and plated as previously described (5) (Fig.
1). The initiation of spore germination was also measured by
following the fall in A6. of the spore suspension (Fig. 1,
inset). While most spores had initiated germination by 20
min, some spores were still initiating germination between 20
and 60 min, as was seen by a decrease in the percentage of
phase-bright spores in the phase-contrast microscope (data
not shown). However, by 60 min ca. 99% of the spores had
initiated germination.
As found by others (4, 9, 13), germinating wild-type spores

showed a transient elevated UV resistance (Fig. 1). The slow
decline in elevated resistance was probably due to the slow
germination of a small percentage of the spores. Strikingly,
at-V spores exhibited no transient elevated UV resistance
but only showed the small increase in resistance seen in
going from the o-t- dormant spore to the vegetative cell (5)
(Fig. 1; note different doses used). a- spores showed an
extremely small transient increase in UV resistance. How-
ever, this minute increase may be caused by the small
percentage of a- dormant spores which have wild-type UV
resistance (data not shown), possibly due to high levels of
SASP-P, since there is a threshold level of SASP-a plus -,B
which is needed for significant spore UV resistance (6).
The fact that a- - spores did not show a transient

increase in UV resistance upon germination is consistent
with this phenomenon in wild-type spores being due to a
transient change in spore DNA structure or environment,
from "spore type" to "cell type," which renders the DNA
photochemically unreactive. This further suggests that this
change does not take place in a-;- spores, since much of
the DNA in these spores is already in a cell-type environ-
ment or structure as evidenced by the production of pyrim-
idine dimers upon UV irradiation. This finding is also incon-
sistent with the transient UV resistance in germination being
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FIG. 1. UV resistance during germination of spores of various B.
subtilis strains. Details are given in the text. wt, Wild type. The inset
gives the change in absorbance of the germinating spores of the
acp strain; wild-type and a- spores gave essentially the same
curve (data not shown).

germination-specific system.

This work of course does not indicate.that such a germina-
tion-specific repair system does not exist, but only that it is
not.the reason for the transient UV resistance during sp.ore
germination, unless it is argued that only DNA to which
SASP-oa and -P are bound is a substrate for this repair
process. Even then, the lack of significant UV resistance of
germinating SASP-a- spores argues against this possibility,
since.these spores have at least half the wild-type level of
SASP-a plus -, (6). These results strongly suggest that
SASP-a and - play a key role in the structure and/or

environment of spore DNA in both the dormant and germi-
nating spore. The details of this role are currently under
investigation.
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