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recA”). *H-labeled cells were dried to a given a, at

- the corresponding RH for 12 min, then rehydrated
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with 0.03 M Tris-hydrochloride buffer (pH 8.0), as
described in the legend to Fig. 2. Cells were directly
lysed on top of the alkaline sucrose gradient without
spheroplast formation and centrifuged as described
in the text. The direction of sedimentation is from
right to left. Vertical arrow indicates the position of
DNA from T4 phage. Symbols: @, a,, 1.0 (not dried);
0 a., 0.85; O, aw 0.75; A, aw 0.53; O, a. 0.33; V, a. 0.
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RELATIVE DISTANCE FROM MENISCUS

Fic. 4. Sedimentation in alkaline sucrose gra-
dient of DNA from dried E. coli K-12 AB1157 (uvrA*
recA*). *H-labeled cells were dried to a given a, at
the corresponding RH for 92 min. Rehydration, lysis,
and sedimentation were performed as described in
the legend to Fig. 3. The direction of sedimentation
is from right to left. Vertical arrow indicates the
position of DNA from T4 phage. Symbols: @, a,, 1.0
(not dried); O, a, 0.85; O, a. 0.75; A, a. 0.53; O, aw
0.33; ¥V, aw 0.
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g : o Fic. 5. Relationship between the number of breaks
\ L ‘ 1/\_, \r ?_érlz) “}\"ﬁ'\ 7{‘7] ER )] E.C_Ol | per single-strand genome caused by drying and a,
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‘ number of breaks was calculated by the method of

) FL :ﬁ( "(E; {51 ( F ) % A 2) t} hd ‘ Town et al. (35),Water content of cells at each a.. was

measured as the difference in weight between dried
cells and cells equilibrated at each RH. Solid and
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" Fig.§. Secdimenmation profile of DNA from dried B.
subtilis 168 (thy~, try™).

i ' i i ] t{-labeled cells were dried 1o a given water activity
: ‘ : ‘ (o) at the corresponding RH for 90 min, rchy-

drined, converted 1o spheroplasts, and centrifuged.

See text for experimental details. The direction of

sedimentation is from right o left.

‘ : L Symbols: O, aw 1.0 (not dried); O, aw 0.85; A, aw

; | 1 ' 0.75; A, aw 0.53; @, 2 0.33; @, au 0.
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) (0.03 M, pH 8.0, control method) :
] | ] at room temp (ca. 20°C) . ... .. (2.3 £0.21) x 10° |
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ﬁ)} 3 \"‘3 1 ?’}T» L 'fw } at37°C ... 2.2 X 10°
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| 1 : .
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$ ?\ 7]& /ﬁ' ]t *ﬁ %g‘. TABLE 2. Unfreezable water content of various

samples measured by differential scanning
calorimetry and the critical a,,

ILSL-_:'C E%?%L Unfreezable

water con- Critical

: ‘ ) Sample tent (g/g, a.e
: i Y ' ) ' dry wt)
y R Em TRt
) =~ uﬁ \:\‘ S. cerevisiae in adsorption proc- 0.18 0.75
ess
un z‘ * Z 1. & 5 Z ? S. ;:Srevzsme in desorption proc- 0.24 0.75
i ‘ E. coli K-12 AB1157 in desorp- 0.23 0.75
‘ : i tion process
+ ~ L .
J* 2 T W 5 < 6 Egg albumin in desorption proc- 0.28 0.80
[»]
. ess

Skim milk in adsorption process 0.10 0.80

’.)\“‘C.Y' iti (_CLl __@u_) - ’d—)- é : Skim milk in desorption process 0.13 0.80

. ‘ * See text for definition of critical a..
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TABLE 3, Induction of mutation (arg — arg*) by drying of E. coli F3294 to various a,

Revertant colonies per plate

: Initial bac- Survival Frequency of in-
as Expt teria per fraction in Con. duced mutation’
w no.’ plate’ (4) dried bacte- trol Dried” Difference® (D~ C)/(A x B)
(x10°%) ria (B) (%) (©) (D) (D—-C) (x 107"
0 1 84 19 12 83
2 9.0 30 11 94 .
3 12 2% 38 118 75 £ 9.3 28 + 16
4 21 42 13 76
0.33 1 23 36 11 104
2 17 31 31 128 .
3 21 35 85 108 88+ 16 13+ 3.7
4 19 30 14 79
0.53 1 23 40 11 36
2 18 78 22 57 %
3 i9 46 14 34 3415 6.5+ 78
4 10 " 30 38 92
0.75 1 23 43 11 22
2 16 89 12 23
3 19 48 15 16 6.7+46
4 10 58 38 43
0.85 1 11 65 6.0 17
2 17 89 9.0 12
3 19 57 14 13 40£50
4 10 74 38 40

* Bacteria were dried at corresponding RHs for 12 min.

® Four numbered experiments were conducted independently of each other.

¢ The initial number of nondried bacteria per plate. The number of survivors of dried bacteria is equal to A
X B per plate. The value represents an average of duplicate scores of colonies on 5% SEM agar.

9 The average of duplicate or triplicate scores of the number of revertant colonies on 5% SEM agar.

*The average and the standard deviation of difference in every set of paired data. **, The difference is
significant at P < 0.05 by Student’s ¢ test.

/The average and the standard deviation, indicating mutation frequency at the first division of a dried
bacterium.
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F1c. 7. Survival of DNA repair-deficient mutants
of E. coli K-12 in the course of drying. About 10*
bacteria were mounted on a hydrophobic filter mem-
brane, dried at an RH of 0% in vacuo, and rehydrated
with 0.03 M tris(hydroxymethyl)aminomethane-hy-
drochloride buffer solution (pH 8.0). After appropri-
ate dilution, bacteria were plated on nutrient agar,
incubated for about 24 h at 37°C, and scored for the
number of visible colonies. Each value is an average
of duplicate or triplicate determinations; counting
errors in the scores were less than 30%. Symbols: @,
AB1157 (the wild-type); O, AB1886 (uvrAd); L[]
AB2470(recB); A, = AB2463(recA); 'V, AB2480-
(uvrArecA); ®,-W3110 (the wild-type of P3478); <,
P3478(polA).
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F16. 8, Degradation of DNA during the incuba-

tion of various mutants of E. coli K-12 after drying. ~
[*H]thymidine-labeled bacteria (ca.

mounted on a hydrophobic filter membrane, dried at

an RH of 0% in vacuo for 12 min, rehydrated with -
EM-9 medium containing 100 pg of nonradioactive -

thymidine per ml, and then reincubated aerobically

at 37°C. At intervals samples were withdrawn, and

the cold trichloroacetic acid-insoluble radioactivity
was counted. The radioactivities are expressed as
percentages of those in bacteria before the incubation.
Solid and open symbols indicate responses of dried
and nondried bacteria, respectively. Symbols for the
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F!G 9. Sedimentation patterns of DNA from dried and reincubated E. coli K-12 AB1157 (wild type
[a to c], AB2463 (recA (d to []), and AB2470 (recB [g to i]). *H-labeled bacteria (ca. 10°) were mounted on a
hydrophobic filter membrane, dried at an RH of 0% in vacuo for 12 min, rehydrated with EM-9 medium
containing 100 ug of nonradioactive thymidine per ml, and then reincubated aerobically at 37°C. At intervals,
samples were withdrawn and directly lysed on the top of an alkaline sucrose gradient without spheroplast
formation and then centrifuged as described in the text. The direction of sedimentation is from right to left.
(a, d, and g} The responses of nondried bacteria (open symbols) and dried bacteria without reincubation
(closed symbols); (b, e, and h) the responses of dried bacteria reincubated for 30 min (open symbols) and for
90 min (closed symbols); (c, f, and i) the responses of dried bacteria reincubated for 120 min (open symbols)
and for 150 min (closed symbols).
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F1G6.10. Sedimentation patterns of DNA from dried and reincubated E. coli K-12 AB2480(uvrA recA),
P3478@01A), AB1886(uvrA), and W3110 (wild type). The expertmental procedures were the same as those
described in the legend t