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BIKE\'S JOLR\,\I.

Letter to the Editors

Since , "ep. "t by POWc11 (1953) it has b, en gene"ally admitted that Iarrrc
quantities or dipicolinic acid (DPA) ale I, resent in bacterial spores and that the
bulk of this compound in ungerminaied spores is believed to exist in a bound
ToI'm (Foster, 1956). During the course of ou^ investigation on the chemical
composition of mature spores of a strain or Bnril!us rei, !!J. it \\'as round that DPA
could easily be released nom the mature spoi. es \vllcn the or. anisms were
mechanicalIy disrupted for. a relatively short time (unpublished data). In a
further investigation on the distribution or DPA in the disinte, ,rated s ores, we
found that this compound is mostly detected in the I'isIdual su ernatant after
ammonium sulfate fraction at ion.

Spores or Bari//111 tera!J No. 2 from the collection or oui' Institutc \\, CTe ,To .
on hi'o1h agar plates at 35'C 101' a \\'eek. At the end or incubation, the \\, h I
culturecu ture \\, as harvested, washed three timcs with chilled distilled \\, ater b\\, as

centi'irugation and resuspended in M/100 phosphate buffer (pH 7.0). The
suspension \\, as then Incubatcd at 35'C \\. itIl shaking until almost no ve ,etativc
cells \\, ere detectable. This aci. ated suspension was again washed three times b
centi'Irugation and the packed, \\. ashed spore preparation obtained was mechanicalI
disintegrated as 10/10\\. s; packed spores corresponding to 5 grams dry wei ht, were
mixed willt 30 grams of quailz powder and ground in a mortar for 3 Ilours in
the cold. T'he \\, hole resultant preparation was suspended in 100 inI of M/100
phosphat. burre" <p}I 7.0) and cent"rungd at 10,000 x g I. " 20 minutes. The
pi'ecipitate thus obtained was Ihorou, ,I^Iy washed by centrifugation at the
speed in I"ush ph. sphate IJuffe, . and Ih, **. hole supe"nate (F"action S-I), which
had a total volume of 200 in I, \\, as fraction ated \\. ith ammonium sulfatc <Fractions,
S-2, S-3, S-4 and S-5). The DPA content o11hesc fractions and or the \\. ashed
precipitate and also of intact spores \\, erc determined by .Janssen's method (1958)
somctimes \\, ith a slight modification. TIT the case of both the washed >reci it t
and the Intact spoi. es, DPA \\. as extracted by autoclaving the materials \\, hile th
o1hci' ITactioils wei'e reacted dii'ectly with Mohr's iron salt.

The rcsults arc summarized in the accompanying table. Tlic DPA t
or intact spores \\. as 152.1 ILg/ing di'y weight. Disintegration of the spores
followed by centi. irugation revealed that the bulk or the DP\ from the s
had been released into the super natani. As can be seen from the table, 96.8
cent of tl}e total DPA \\. as in the supernatant while onI 3.2 er cent ,
detectable in the \\, ashed precipitate. Furthermore, it \\. as shown that the DPA
in the super natant \\. as not precipitated by ammonium sulfate but dial zed
through a semipermeablc membrane. Thus in the table, the DPA in the su ernat nt
Is only detectable in the final fraction, Fraction S -5. These results indicate th t
the bulk of the DPA in ungerminated spores of BarilliiJ feltiiJ No. 2 ' t ' I
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Table I. Distribution of dipicolinic ocid in spores of Bacillus cereus 1.0.2.

in loci spores

Insoluble fraction

Total supernoioni is-11

Materials
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* Dry weighis of organisms were eslimoled by drying measured volumes
10 constonl weight o1 120'C

A ; Precipiloied with ammonium sulfole
B ; Not precipiioied with ammonium sulfoie

I)Duncl Ibrm (Foster. 1956) that an extraction in boiling sulfuric acid or sodiuin
hydi'oxidc is essential 10 the release of the compound. The pattern o I e
disiril)ution of DPA in spore disintegratcs also suggests the localization o t is
compound in thc coi'c or the spores, since only a small amount of D is extracta c
from the \\. ashcd precipitate which mostly consists of spore coat debris. uc
in the precipitate may I>e partially accounted for. by DPA in a c\\, intact spores
still I. cmaining in the material.

Although thc 11. uc form of DPA in ungerminated spores Is still unknown, it
co. in, from ou, . p"usent dam that DPA or Ca-DPA (Pont11,1953) is p"esent
in a Itec form or at least in such a loosely bound form, that the compound is
casily released into o1'dinary physiological solvents. Sudden changes in spore
coat I, ermeability causcd by mechanical shock might be Followed by a simultaneous
exchaiToc of water in the medium with DPA in the spore core. Ou^ preliminary
observatioil suggests that small mechanical injuries to the spore coats, not visi e
under a light inICi'OScope, may result in the release of large quantities o
from intact spores. 'The Intrinsic mechanisms Involved, ho\\, evei, must a\\. ait
further analyses or Ihc kinetics of the release or DPA from the spores. Furt ei.
studies arc no\\ in progress and details \\, ill be published else\\. here.

REFERRNCES

Foster, .I. \V. (1956). Morphogenesis in Bacteria: Somc aspects of spore formatioil
Qiniri. If, I, . Biol. 31,102-118

Colonmetric assay for. dipicolinic acid in bacterial sporesJansscn, F. W. (1958)
Sci'errc" 127, 26-27.

acid )POWell. .I. F. ( 1953 ). Isolation of dipicolinic acid (pyridinc-2.6-dicarboxylic
lioni spores o1 Bact!!us ritegatheFluin. Blocnemtcft!. ,I. 54,210--I I.

MASAHiKO YONEDA
MASAOMi 1<0NDo

.u
00
E-
E
<

A

S-2 10-30961

S-3 130-50061

S-4150-8096i

DPA content

196 dry weightl

B S-5

15.21

DPA conleni

yield I%I

100

32

96.8

o

O . 42

o. 28

96 .I

Daldrinien! o1 GIIeiiioiheinpj, und Deja riment o1
Errc!, 11'010g),, R eJen, 'c/, lit $1itute 10 I MicrobI"I
Di'$, n$e, , OJn k, I Urine rJ, Ij, , 0$aka.
Recei, ed on Dec, ,libel' 9,1959




