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Abstract. Susceptibility ofBacillus thuringiensispores and toxins to the UV-B range (280-330 nm) of

the solar spectrum reaching Earth’s surface may be responsible for its inactivation and low persistence
in nature. Spores of the mosquito larvicidal thuringiensissubsp.israelensiswere significantly more
resistant to UV-B than spores of the lepidopteran-active sldusptaki Spores of subsjisraelensisvere

as resistant to UV-B as sporesBfsubtilisand more resistant than spores of the closely relBtegreus

and another mosquito larvicidal specig@ssphaericusSensitivity ofB. thuringiensissubsp.israelensis

spores to UV-B radiation depended upon their culture age; 24-h cultures, approaching maximal larvicidal
activity, were still sensitive. Maximal resistance to UV-B was achieved only at 48 h.

Microbial control of agricultural pests and vectors of important entomopathogenic bacterB, thuringiensis
human diseases W§acillus thuringiensigBt) is an im-  subsp.israelensis(Bti) and Btk, with those ofB. cereus
portant alternative to chemical pesticides [17, 23], butas a closely related speciés, subtilisas a standard, and
viability of spores and larval toxicity of crystals included B. sphaericusas another mosquito larvicidal species.
in Bt preparations rapidly drop under field conditions

[10, 14]. Sunlight-mediated inactivation of these prepa-Materials and Methods

rations, which affects their efficacy and commercial gacterial strains. Bti was isolated from a primary powder (Bactimos
value [4, 5, 11], is believed to be caused by UV damageL990, fun 89CO6D, Duphar B. V., Weesp, HollanBjk (strain HD-1)
to the spores and thed-endotoxins [20]. Reduced ex- andB. cereugstrain T) were kindly supplied by D. R. Zeigler (Bacillus

osure ofBt formulations to direct sunlight prolonas the Genetic Stock Center, Colgmbus, OhiB).sphae_ricustrains (number
P gntp 9 2396 and 2697) were obtained from E. W. Davidson (Dept. of Zoology,

efﬁcacy Of. thls blc_)|09lcal_ control agent[ [19]' . Arizona State Univ., Tempe, Arizona, 8528B). subtilisOI1 (ilvCl,
InsecticidalBt is considered to be highly sensitive to |ey-1) is from our collection.
(LjJV ra(fjlatlon [6. 9, 20]. T.he future ;]Bt blo.lnseCtICIdfeS Media. Luria-Bertani (LB) (0.5% yeast extract, 1% tryptone, and 1%
epen S on SUCCF"SS to Increase the reastqnce 0 _SpOE\‘i:"a%l) and modified sporulating medium (NYSM) (1% tryptone, 0.8%
and toxins to environmental stresses including sunlightpytrient broth, 0.5% NaCl, 0.14 mCaCl, 0.2 mv MgCl,, 0.01 mm
Most studies on molecular photobiology of spores havemnCl,) [15] were used in this study.
been carried out on the wel_l—knqu gerBLSS_Ubt.I!ls[l& Growth. A single colony was inoculated into a tube containing 5 ml
21, 22, 24]. The effect of irradiation on viability @&t |5 and was incubated overnight at 32°C on a rotary shaker (200 rpm).
spores was usually studied with the subspekigstaki 0.1 ml of the culture (3—%10° cells mI™*) was transferred to 100 ml
(BtK), galleria, andthuringiensis[3-5, 11, 13], and with LB or NYSM, as 'ind.icated. 'Cells and spores were harvested by cen-
far-UV-Iight (UV-C, 254 nm), which is absorbed by the trlfug_a_tlon at the |nd|cated_ tlmg from (_:ultu_re_s grown under the above
| hence irrelevant to field conditions) Spore conditions and washed twice with sterile distilled water. Spores of both
ozone ayer_( . - Sporeg, sphaericustrains used in this investigation were always produced in
and vegetative cells of wild-typBtk were reported to be  NysSM medium because they do not sporulate in LB medium as the
more sensitive to UV-C than those of plasmid-curedother Bacillus species do. The sporulation processBof judged
strains and of the closely related spedesereud3, 9]. microscopically, reached about 100% at 24 h in both media. Sporangia

Here, we compare spore sensitivity to UV-B of two could still be detected in 48-h cultures, while 72-h cultures contained
! free spores only. Level of spore germination before irradiation, deter-

mined microscopically on solid LB slides, was close to 100%. No heat
Correspondence taZ. Barak;email: barakz@bgumail.bgu.ac.il shock was necessary to induce germination.
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Fig. 1. Spectrum emitted by UV-B lamp (280—-330 nm). The energy Dose (min)

was measured by UV-Optronics 742 under the standard irradiatiori:ig 2. Dependence of UV-B sensitivity d. thuringiensissubsp

Z?]zdc:gt?;élsﬁ cm distance) applied in all our experiments (Mate”alsisraelensisspores on age of spore culture. Washed cells and spores of

Bti, grown under the conditions described in Materials and Methods in
LB medium for 24 h @), 48 h (A), 72 h () and 96 h ©), were UV-B
irradiated for various periods of time. Survivors were scored by viable
UV irradiation. Spores were washed and resuspended in sterile discounting.

tilled water (16 ml~%). The transparent suspension was irradiated
without agitation from a distance of 12.5 cm at the intensity ofpA/8
cm 2 nm?! (4.5 ml in a 40-ml beaker, 5-mm depth). The source for
UV-B (280-330 nm) was a 60W Philips lamp with a maximum at 315
nm (Fig. 1). Survivors were determined by colony-forming ability at
various irradiation times of up to 90 min.

100

Viable count. Aliquots were appropriately diluted in sterile distilled
water and evenly spread on LB plates. The number of colonies was~ 5
determined after 24 h of incubation at 32°C. No additional colonies T
appear during further incubation. Each point in the survival curves is an =
average of duplicates in at least three different experiments.

Surviv

Results and Discussion

Photosensitivity of B. thuringiensis subsp. israelensis
spores.Bti displayed maximum larvicidal activity after
24-27 h growth in LB broth at 32°C [2], while spores
were still very sensitive to UV-B (Fig. 2). Maximal "o 5 30 45 60 75 00
resistance was acquired at 48 h, when mature spores Dose (min)
were observed by phase-contrast microscopy. This may. . o . .
be attributed to the physiological state of the spores: aﬁg‘ 3. UV-B sensilivity of spores @. thuringiensisubspisraelensis

) ; . " ), B. thuringiensisubspkurstaki((), B. cereuq®), B. subtilis(A)
24 h, they are still detected in sporangia, contain waterandB. sphaericus2697 (1) and 2396 Q). Freshly prepared spores
and are not always in complete maturation. At 48 h,were grown for 48 h at 32°C in LB, exceft sphaericusstrains in
spores are found in the dormant state and no |ongel}dYSM. Irradiation conditions and scores for survivors were as de-
contain water. It is known that the water is the mostScriPed in Materials and Methods.
important factor in determining heat resistance of spores
[22]. All the following experiments were, therefore, con-
ducted with 48-h cultures. Photosensitivity of freshly

prepared spores seems not to be affected by the COMPPints and other bacillus species [3, 5, 7, 9]. Tested with

sition of the medium (LB or NYSM), but spores of the UV-B (reaching Earth's surface), spores B were as

commercial powder were more sensitive (data not . o .
shown) resistant as spores &f subtilisand more resistant than

those ofB. cereus, B. sphaericuandBtk (Fig. 3). The
Comparative photosensitivity of variousBacillus ssp.  reason for this difference is not obvious. B&t andBtk
spores.Spores of variouBt subspecies producing Cry produce, during sporulation, Cry protoxins with similar

insecticidal protoxins are considered to be more sensitive
to UV-C radiation (254 nm) than acrystalliferous mu-
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molecular weights that are crystallized into parasporal  Spore resistance to organic solvents, heat, enzymes
inclusions [12] and contain a similar number of plasmids(lysozyme), desiccation, water, and some other treat-
(11 inBtk, 9 in Bti) [3, 17]. The rates of target killing, on ments is also a function of spore coat [22]. For example,
the other hand, differ significantlyBti’s Cry toxins kill ~ sensitivities to hyperosmotic stress Btk, Bti, and B.
mosquito larvae within hours [17], where8$Ks anti-  cereusspores to v NaCl on LB plates were compared
lepidopteran toxins act much more slowly and with syn-by counts of colony forming unit®ti spore survival was
ergistic contribution of their spores [9, 16]. The syner-70—75%,B. cereu%s was between 6 and 8%, amik's
gistic effect of Btk spores depends on the existence ofdropped to below 0.1% (unpublished observations). Low
CrylA protoxins in the spore coat, while the spore sur-osmotolerance dBtk spores might also be explained by
face ofBti contains very little, if any, of the protoxins, [1, structural and physiological variation in spore coat lay-
9]. The excess of CrylA iBtks spore coat is compen- ers.
sated by a deficiency of low-molecular-weidhtcereus Levels of resistance to UV-B of spores from differ-
like spore coat polypeptides, a deficiency not founBiin  ent Bacillus species appear to be related to the quantity
[1]. Replacement of low-molecular-weight proteins by and quality of SASP and to activities of DNA repair
Cry protoxins in the spore coat may influence its struc-systems [7, 8, 18, 21, 22, 24]. Imperfection of spore coat
ture because the association of protoxin is loose, alteringnay influence the photochemistry through conformation
the physiology and resistance properties of the spore inf DNA and activity of repair pathways, which may
many ways [1, 9]. This may be the reason tBH¢spores consequently lead to high UV-B sensitivity Btk spores.
are more sensitive to UV-B than aBai spores (Fig. 3). However, too little is known about the effects of UV-B
Plasmid content also affects UV sensitivity Bt ~ and UV-A on spore coat components and about their
spores [3, 7], but sensitivities of strains HD-1 and HD-73targets.
of Btk are similar despite the large difference in the
number of their plasmids (11 and 5 respectively) [3]. TheACKNOWLEDGMENTS
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(SASP) [18, 22]. Spores of differeBtk strains and oB. . ]

cereuscontained SASP similar to those Bf subtilis[3].  Literature Cited
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. . tionship of the syntheses of spore coat protein and parasporal
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