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Paenibacillus popilliae

Emended description of Paenibacillus lentimorbus (Dutky 1940) comb. nov.
Paenibacillus lentimorbus (len.ti.mor«bus. L. adj. lentus slow; L. n. morbus disease;
M.L. n. lentimorbus the slow disease).

This description is based on this work and the studies of Dutky (1940), Gordon ef al.
(1973) and Rippere et al. (1998).

Cells are rods, 0+5+0+7 Im by 1£84+7 Im which stain Gram-variable or -negative

in exponentialphase cultures.

Ellipsoidal spores are located centrally or terminally in swollen sporangia and may
or may not be accompanied by a refractile parasporal body visible by phase-contrast
microscopy. The type strain does not produce a parasporal body.

May be isolated from haemolymph of infected larvae of the Japanese beetle

(Popillia japonica Newman) and related larvae.
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Figure 2: Dendrogram showing the biochemical profile relationship
between P. larvae 1solates and Paenibacillus reference strains. Ox:

4

1

L oV

2

']

Characteristics  N. strains

Paenibacillus reference strains

P larvae isolates

oxidase; Nit: nitrate reduction; MR: methyl red; Ind: indol; +: positive

response; —: negative response.
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Transfer of Bacillus lentimorbus and Bacillus popilliae to the genus Paenibacillus
with emended descriptions of Paenibacillus lentimorbus comb. nov. and
Paenibacillus popilliae comb. nov.

Bertil Pettersson, Karen E. Rippere, Allan A. Yousten and Fergus G. Priest

Almost complete 16S rRNA gene sequences were generated for the type
strains of the obligate insect pathogens Bacillus lentimorbus and Bacillus
popilliae and a second strain of Bacillus popilliae (NRRL B-4081) received as
‘Bacillus popilliae var. melolonthae °. A phylogenetic tree was constructed
which grouped these strains into a well defined subcluster within the genus
Paenibacillus. Bacillus popilliae NRRL B-4081 occupied an intermediate position
between the type strains of Bacillus lentimorbus and Bacillus popilliae but
with a marked clustering to the latter. The phylogenetic assignment of these
strains to Paenibacillus is in contrast to earlier studies which placed these
bacteria in the genus Bacillus, close to Bacillus subtilis. Indeed, the rRNA
sequences generated in this study share less than 88% similarity to the
deposited sequences for Bacillus popilliae ATCC 14706T and Bacillus
lentimorbus ATCC 14707T. The results obtained by using different tree
algorithms, bootstrap analysis, branch lengths and verification by signature
nucleotide analysis supported the reclassification of these species in the genus
Paenibacillus as Paenibacillus lentimorbus comb. nov. and Paenibacillus
popilliae comb. nov.
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Fig. 1. Agarose gel electrophoresis of PCR products generated
with control primers (even lanes) and a Paenibacillus-specific
primer (odd lanes) for various endospore-forming bacteria.
Lanes: 1, size markers (1 kb ladder); 2 and 3, Paenibacillus alvei
DSM 297; 4 and 5, Paenibacillus chibensis NRRL B-1427; 6 and 7,
Bacillus popilliae ATCC 14706"; 8 and 9, Badillus lentimorbus
ATCC 147077; 10 and 11, Bacillus popilliae NRRL B-408; 12 and
13, Bacillus subtilis NCIMB 3610"; 14 and 15, Badillus sphaericus

2362; 16 and 17, Brevibacillus borstelensis HRS 23; 18, size
markers.
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Fig. 4. Comparison of estimated genome size and number
of CDS among Paenibacillus species. Estimated genome size
(open column) and number of CDS (closed column) are
shown in the graph. Since the genome of P polymyxa SC2
has been completely sequenced, total genome size and total
CDS composed of chromosome and plasmid were used in
this analysis. Phylogenetic relationship of Paenibacillus spe-
cies based on amino acid sequences of DNA gyrase subunit
A is also shown. Bacillus subtilis subsp. subtilis 168 was used
as the outgroup. The number for each interior branch is the
percent bootstrap value (1,000 resamplings). Abbreviation of
organisms: POP, P popilliae ATCC .1470673 DEN, P dendriti-
formis C454; ALV, P. alvei DSM 29'; POL, P polymyxa SC2;
LAR, P larvae subsp. larvae BRL2300-10; SUB, B. subtilis
subsp. subtilis 168.



Table 4. Distinctive phenotypic properties of Paenibacillus lentimorbus, Paenibacillus popilliae and related paenibaailli

Data from Gordon ef al. (1973), Priest ef al. (1988), Shida et al. (1997) and Rippere ef al. (1998). +. = 90 % strains positive; —,
< 109 strains positive; v, 11-899% strains positive; nv, not tested.
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4 Based on reactions of type strains only for Pacnibacillus lentimorbus and Paenibacillus popilliae.
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Popilliae japonica Newman
Japanese beetle
AN %

Anomala daimiana Harold Anomala rufocuprea Motschulsky
cherry chafer soybean beetle
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Scanning electron micrographs of B. popilliae var. popilliae
and the newly isolated strains.

a: reference strain, b: var. popilliae Sakura,

c: var. popilliae Hime, d: var. popilliae Mame
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Host range of three B. popilliae isolates bioassayed against six 3rd-instar beetle larvae

Insect species

var. popilliae Mame

var. popilliae Hime

var. popilliae Sakura

Popilliae)japonica 50.5%: 35% 30%
X aH %
Anomala daimiana 5% 10% 35%
Y27kt
Anomala rufocuprea 0% 40% 20%
EXahF
Mimela testaceipes 6.7% 20% 6.7%
AY aAKHF
Blitopertha orientalis 40% 58.3% 73.3%
k<87 an%
Heptophylla picea 0% 0% 0%
FAFvahT

2 Percentage of inifection
One million spores were injected per larvae
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ATCC 14706
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sakura
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ALIGNMENT OF 16S rRNA sequences isolated from B. popilliae

GATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCG
GATGGACCTACGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCG
GATGGACCTACGGCGCATTAGCTAGTTGGTGGGGTAACGGCTCACCAAGGCGACGATGCG

*hkkkk Kk kK KK AAAAAAAAIAIA A A A A AAAKX Ahhkhkhkd A AAArA Ak khkkhk 4k *rhhkhkhkx%k

TAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
TAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
TAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG

KA KA KA I AR A KR A AR A A A AR A A A A A A A A AR A A A A A A A A A Ak A kA Ak Ak hAhhA Ak kA k kK

GGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAA
GGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGCAA
GGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGCAA

KAKRA A I A NI A A A XA A A A XA h A d A kA Xk Xk, %%

1: B. popilliae var. popilliae Sakura
2: B. popilliae ATCC 14706 (Paenibacillus popilliae, Int J Syst Bacteriol(1999),49,531-540)
3: B. lentimorbus ATCC 14707 (Paenibacillus lentimolbus, Int J Syst Bacteriol(1999),49,531-540)

343
254
263

402
314
323



1oo —— PIENIDACIIUS Chonaroitinus DSM 50517
s e Raenibaciius iginolyticus DSM 50507

Paenibaaiius [arvae sutsp. arvae ATCC 95457

100~ Paenibaciius validus DSM 30377

Paenibadiius gorgonae ATCC 295437
PaenDaciius aives ATCC 63447
PaeniDaclius aplarius NRRL NRS-1438°
Foenibociiius sp. strain T-168
Paenidaciius sp. strain C-163
Baciius tipchirals” sp. C-type
Baciius lentimordeus ATCC 147077

AfLHED 2 LA |

Paenibaciius chibensis NRRL NRS-1427
Paenibacilius macguarlersis NCTC 104157
FIENDACTIALS AZ0TOMXaNS NRRL B143727
Paenibaciius peoriae O 155417
Paenibacius polymyxa IAM 134197
PaeniDaciius (MnOSens NRRL NRS-13567
Paenibaciius amylolyticus NRsL B-377"
PaeniBacius pabul DSM 30367
Paonibaciius macerans DSM 247

Baciliys stearothermophiius ATCC 129807
. Backius megaterium IAM 134187
Baciius methanoiicus NOMB 13114
Baciius arcuns ATCC 45137
Racilius sp. (CC. PO, X50633)
Bacillus sp. (¢ mo. X50622)
Radiius subtills ATCC 60517
10— Anewrinibaciius miguianus ATCC 99997
L Aneurinibaciius aneuriniytius ATCC 128567

{mmmmcw
Brevibacitus brevis ATCC 82467

ANCYC00UIUS SCATOCAITINIUS ATCC 270087
ANcyclotadiius cydoheptanius DSM 40067
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Oligonucleotide primers of cryl8A4 gene screening

Name Sequence Position
BpF1 5'-atgaacaataattttaatgg 743- 762
BpR1 5'-ctaataaagaggagtgtc 2946-2963
BpF?2 S5'-ttattattacctttatttgc 1466-1485
BpR2 5'-ccattcatcggcattaatgat 1526-1546
BpF3 5'-aaatgccgttttgttgtg 209- 226
BpR3 5'-gtaaattaacttctgc 355- 370
BpF4 5'-gcagaagttaatttac 355- 370
BpR4 5'-tgaaattgaaagttccc 631- 647

Cloning and analysis of the first cry gene from Bacillus popilliae.

Zhang J, Hodgman TC, Krieger L, Schnetter W, Schairer HU.
Zentrum flr Molekulare Biologie der Universitat Heidelberg, Germany.

J Bacteriol. 1997 Jul;179(13):4336-41.
diseased larva of the common cockchafer (Melolontha melolontha L.)
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cryl8:

TTCCTAGTCCCGCATGGATTGTGAACTCTGCATCGTTATTGTAAACTCAAAGATTGGTGT

TTCCGA TCCCGCATGGATT-TGAACT-TGCATC- TCATTGTAAAC CAAAG- TTGGTTT
230 240 250 260 270 280
ATCTACTGAATGGTTTAGCGGCTCGTAACCGAAACATGCAAAAAAACAGTAAAAGTTGAT

ATCTACTGAATGGTGTCG GGCTCGTAACCGAAACATGCAGAAAAACGGTAAAAGTTGAT
290 300 310 320 330 340
GACTATGGTAATGCAGAAGTTAATTTACACGTGTTAAAAGTAAAAGGATGTATCCCTTTT

GACTGTGGTCATGCAGAAGTTAATTTACACGTGTTAAAAATAAAAGGATGTATCCCTTTT
350 360 370 380 390 400
ATTGCTAATGTAGAAGTGAAACCAATTTATGAACAAACAGGATGTTCCTCTGATCCCCAT

ATTGCTAATGTAGAAGTGAAACCAATAAATGAACAAACAGGATGTTCCTCCGATCCCCAT
410 420 430 440 450 460
TCATAAAGAAATTACAATTTGTTGCACAGAAAGTATCTGTTGTAGATCATGTACTGAAA

TCACAAAGAAATTTCTATTTGCTGCACAGAAAGTATCTGTTATAGATCATGTACTGAAA
470 480 490 500 510
TGCAGTCTGGAAACCAGCCCCCACTCATCATTTGG

TGCAGTGTGGAAACCAGCCCCCACTCATCATGTGG
520 530 540
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Biological Control of Bacillus Popilliaeagainst Larvae of Scarabaeid Beetles
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Paenibacillus popilliae

VS Bacillus thuringiensis
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