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Comparative Morphology of Parasporal Crystals and Characterizations
of Plasmid DNA from Various Subspecies of Entomopathogenic
Bacteria, Bacillus thuringiensis

Toshihiko Itzuka, Masao IsuiNo and Toshio NAKASHIMA
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BEHIRIEMIEE B. thuringinesis 13, BERicEM %R+
BEAROKGMERLELETHZ L X T B cereus
ERFF EOXBINILENT B8, Z o &HEEE
11, BRABOHCHEER & ) Ahkig, Mt
DERC X 55 % 5 0 Wb TR b O 28
BEL S HE 2 R T 2 & 25 d-endotoxin & LT
i),

B. thuringiensis OfEET HEEGMEEFIL, — By
4 ¥ € v F&l (diamond-shaped), E&'F i » F# (bi-
pyramidal), g7 (& (rhomboidal) & XiTh 3T
BELTEY, FROINT, FREALATER S
B &b parasporal body & XiThi-19, &R
Rk, FRO > OB AR TR L & bRk
T52, TORHREEECLL - TRy, BVuboT
RRG AREICE DO THIOA TH S,

LT AT, ZOWBEEROEEY, BEOELYT 3
v VB LIRB I 5 TERALS R (irregular), 766 B+
4 a 2R (cuboidal) & L-HfE2 %k 4« & B Zh 70827
3,28,32)

¥, BE, 1FRY 0 1 ECELEFERI TR Sh
52, 1KY 2@ U 3 AR Eh s EELRR
T o231,30)

BAe, B. thuringiensis Y, de BARJAC and BON-
NEFOIY DRZE i X HHEHIR (H-antigen) w3 4
HRZTARLRTE D, serotype 19 & TOHMERLS
CCIFE I % fcde\ 2 DORERE & S T 21 Fifl

423

(33EHR) HE XT3, D, serotype 1, subsp.
thuringiensis “Ci¥, thuringiensis BERLINER O (%
w, AUMmEMTHABI REEVES and GARCIA® (&
X »C B Xtz bicrystalliferous strain, BA-068 @
2Bikk, *7o, serotype 3a, 3b, subsp. kurstaki T,
MEBHHCRL VD), 752 3 FERLRRL B HD-1
Bk, 7e5 0% HD-73 8, X561 AMONKARD ZiRHIL
7z multicrystalliferous strain MC o 3 E#AiE#K X
hTwaD, Zosicd, serotype 10, subsp. dar
mstadiensis T3, PADUA et al3® RRHELEEED
BHEF oy FEREERI, RERILTEORKE
MER A AT 5 73-E-10-2 /¢ B VW 73-E-10-16 ©
2EBRARE IR T V5,

B. thuringiensis D {HEL, BB SR HEl
TR THIE & LGB ST\ 7ohs, T4, o
WM RN TR OFESKR 4 LG I h B U8,

LT AT, NZUKA et al’® 22 h b O TOEED
75 A1 FDNA #BE LT, HtkHREER T T
£ 50~150 Mdal DE X7 5 % 3 FEENcXEE SR
TOBTREXTL AT & &b, BIR2ZEEDNA
(cceDNA) DL BT A LR X T, ZOEXRT
7 A I FOHTHBEHEEOEER 2R LI,

AKERTIL, serotype 19 ¥ TOLMMBER S CRIEE
PR & b fode v 2 HERE (A5 30 BRR) & TofshtkER
DHREIRD KR E ILEEEFEREC L - THL,
W UHHRC X A8 7L - 7R s L E b,



424 R FRFRMAACE 3% B3IF

WIS NEL T B O S BER AR HR T & CNC SHARPE
and BAKER® & X - CH % 2 iz ¥ vz embedded
body % Btk T B DT, OB 2 T DNA
REE-RILC 7923 FEEMEBREOUBLED
B3 DI DONTEBE Ui, Fi, ORI 5 5HR
D, FERMEROWRE L LB LTV B AR D
THHELI,

KBMEBLURER

B ME &%

B2 Ut B. thuringiensis B3, 1IZUKA et all®
T X% serotype 16 % T 24 Bikic b O EERIR %
3 Fofs s subsp. wuhanensis ik T, KEEFEL,
SRR R OUNREEEH) wio a5 i3
subspp. fohokuensis (serotype 17), kuwmamotoensis
(serotype 18), fochigiensis (serotype 19) 7t & Vi
yunnanensis?®, #7z, lIZUKA ef all® TR I
7oy o fe subsp. funitimus (serotype 2) OF}f 30 Bikk
&L,

BEFEMBERAAMERE

#HEEOREFE T, RUSSEL’s® enriched agar (Table
1) ©CIT -7, BHEEEIL30°C & Uiz, fEfRmES
AR Sh BN, FERC X - CRic Do, BER
Blid—E & Lish ote, EE UK, BUBHMER £ ToM
A Fig. 1 R Lic. AEHROELMESH - Fi
WK, 7 RORESCOR, BRGEREED -
Ry« SEBERT - CEEETEME: (FAET JSM-
SI) THE L,

Table 1. Components of Russel’s
Enriched Broth*

Components Volume
Tryptose 4g
Tryptone 6g
Yeast extract 3g
Glucose : 1g
Michaelis’ Na-phosphate buffer (pH 7.0)%*

150 m#¢
Distilled water . 1/¢

* Proposed by RUSSEL S.. TRAVERS®
# 130 M KH,PO,: 1/30M Na,HPO,=1:1

Bk 2E#H DNA (cccDNA) o Bistsk
B. thuringiensis KRGS0 75 A 3 ¥ DNA o
B3, TIZUKA et all718) vy, cceDNA o ik

Bacillus thuringiensis culture medium
(suspended with Tris-HCI buffer from agar slant)

|

—centrifuged
(3500 rpm, 15 min)
l |

super nalent cell
(discard) ~—Tris-HCI buffer suspend
—centrifuged
(3500 rpm, 15 min)

I I

super natent cell .

(discard)

—distilled water
—centrifuged

(3500 rpm, 15 min)
| |
cell suPer natent
(discard)

—suspended with Michaelis’ sodium-
phosphate buffer (pH 7.0) and fixed
3hr with 1% glutaraldehyde

—centrifuged
(10000 rpm, 10 min)

super natent cell
(discard) —distilled water
—centrifuged
(10000 rpm, 10 min)
[ l '
super natent cell*
(discard) *air dried and coated
with carbon and gold
Fig. 1. - Procedure for washing and fixing
.. . B. thuringiensis :

#42 VAN DEN HONDEL et al3) wftoiz, Blb,
THr—RAFARCT S A FRERE <Y v+ 35E
BiC, FOREAWE 100°C, 2 5 HEUE L, Ebic ice-
water PTAG LI, 074 7Hr -2 =<y
v VBRI ET -7,

¥ S

B. thuringiensis ZHBEOEAM BT L ETBTHAK
$Ecgige L, Plate I-Plate VI iRk L, ThbHEK
TRERBEBEREOWBE ST E L, BT Iy
NI B ONC R SI e a R B (A), TERALIE
b = R RERTEE (B), LU REHER
PR B E A ETB L RICVEE(C) &
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CHFHE & TcEl, ¥, ABTIE, EHEERD
KREIRERBEDLRBZ &M, BHEDOKRKEZ 09X
L7 p OfERMEFER L EET D A-(), M >04x12 ¢
DIERUBEREEALTOHEE A2), RLUREA 10X
24 p ek MBERYEE TS A Q)T ThEFh T 5
TENTEI, ThibaEEdHT Table 2 WiRLE,

7%, BETR, HEkEEEOMBIAREML iR
Lichs, -subsp. aizawai B\ T4 A 2 rROFEER
FATWI, Thbok&EEE, 05~07p Thote,

CHD subsp. canadensis T3, #HabEFEOF B
NIEY T 3, FCEA SR 3B TP,

Table 2. Morphological characteristics of
the parasporal crystals produced by
strains of Bacillus thuringiensis

A. Bipyramidal & rhomboidal forms
(1) Regular size (0.9%x1.7 y)

thuringiensis Berliner (996) entomocidus

thuringiensis BA-068* tolworthi
Jinitimus** toumanoffi*
alesti* pakistani*
kurstaki HD-1* indiana
kurstaki MC* tohokuensis*
dendrolimus tochigiensis**
subtoxicus wuhanensis¥ **

(2) Regular & small size (0.4X1.2 )
sotto darmstadiensis
kenyae* dakota
galleriae kumamotoensis
IMOTTLSONT

(8) Giant size (1.0X2.4 p}
yunnanensis*

B. Irregular forms

aizawai* israelensis
kyushuensis ostriniae

C. Few crystal forming
canadensis

thompsoni

* Mixed with cuboidal or irregular form
crystals.
*+  Crystal is not separated with spore.
% Both tops of some bipyramidal form
crystal are lost.
#k#%x A part of regular rhomboidal crystal is

lacked.

subsp. thompsoni Ti%, NHFBEBFBHETFRO > 15
W EEENRD DB b OO T ORI L
THL, AEBRTRBE S hih -1,

Lz AT, ABOEKROT T, BA L HHEROKA
WEROII T, EAR &R - R R TR
FEraUEEN L OME EIhi, £hil SHARPE
and BAKER3®) »% subsp. kurstaki HD-1 T % i
embedded body wiEMmEBERCSL—HTHD, AKX
B, subsp. kurstaki HD-1 O#izsubspp. kur-
staki MC & kenyae TH A =2 2lRD, subspp. kurstaki
MC, toumanoffi 7tb N yunnanensis CARESILT
0 embedded body 2EE% 5B ht,

subsp. finitimus T, WEAEERIAFREMAFLL
FEir7ehT, <A a4 %D milky disease OIFRH
Bacillus popilliae &I LT THRER R LT, WatE
FOWEE, BYF Iy FRERERALIHE dBI%
Ihic,

subsp. tochigiensis T, WHEDOEL S I v FHOW
WAVKIT T RE S R TR R R BB S h,

subsp. wuhanensis TiY, BT I v FEO—@EHN
KELFLBPES LRI TOBHERMERIES B
Ehi,

subspp. thuringiensis BA-068, pakistani Ti31{RZ
B DR ER DI A 2 n Rie b CCRER
UKD S ONREL THRES R,

Ch L ERMEROMBEEE > B thuringi-
ensis KEHO 77 A I FERELT, HaEEOWH
BRECS T 2 8ETOFEXMA R Y R L
Foo FOTW, ¥F BREOREHLHEOESMEEHE
BT AAEKE SO A BOBREROY B
#ow R T AR ORI 2 B DNA & Bt UG
Li, 77 A3 FOHEHRL Plate VII, Plate VIIT @
LT, T DR, subsp. aizawai Ti% 537 & 549
Mdal @ DNA, subsp. kyushuensis Tit 1.82 Mdal
© DNA, subsp. israelensis T} 549 Mdal © DNA
NELhZh cceDNA Tidlev o EHBA L, %7s,
HZURA et al’® < X » CHEdtBREEACES T &
#5E X Ty % 50-150 Mdal @ DNA @ H 87 ¢,
subsp. sotto 7% 107.15 Mdal %} U, BEEOAEWMILS
BB E Y EE TS subsp. aizawai T 117.49
Mdal, subsp. kyushuensis T 114.15 & 138,04 Mdal ©
250 DNA, subsp. israelensis ¢ 87.10 Mdal, subsp.
ostriniac T 8710 & 11749 Mdal & Fh Fh - C
YN
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¥, AR ZRAEBROMBHR L RTH
Bk Td TIZURA et al'® OFEREHET5 &, subsp.
kurstaki HD-1 {2 B\~ THi7zic 107.15 & 138.04 Mdal
» DNA 2 BB X h, 263.03 & 27542 Mdal » DNA
DRI N 570, subsp. pakistani T3 10715 &
138.04 Mdal ® DNA »SH < b, 165.96, 229,09, 251.49,
281.84 Mdal ®» DNA 2B X hizh o7, Ak, 692
& 6.16 Mdal @ DNA 25 cccDNA Cigps» fz, subsp.
thompsoni T 107.15 & 138.04 Mdal ®» DNA 7 B
Eh T 141.25 Mdal © DNA (338 2 h 7c 2,72, subsp.
kenyae C1Y 134.89 Mdal ® DNA i1 BBt X N ish»
72o subsp. wuhanensis Tit 269.15 & 295.12 Mdal ®
DNA (3 B ¥ X hich -7, subsp. canadensis Tl
4.26 Mdal ® DNA #% cccDNA T s - 72, subsp.
Sfinitimus & subsp. fochigiensis T3 75 A 3 FH B
%é hith oz,

subsp. yvunnanensis D7 7 A 1 ¥, lIZUKA et all?
CBE o> THTRATH L7kR, 257, 340, 6.92, 10.96,
138.04, 141.25 Mdal T H -, = D, 6.92 Mdal ©
DNA i1 cccDNA Thhroiz, 50-150 Mdal ©4F&
% 4,2 DNA 122\ T subsp. sotto @ 107.15 Mdal &
DI TiL, subspp. kurstaki HD-1, pakistani thom-
psoni 10715 Mdal @ 75 A I ¥ & HF LT iehd
subspp. kenvae, wuhanensis, yunnanensis <Ci¥ 107.15
Mdal LISt 05 FEH R LT,
E

B. thuringiensis D& HH L, HaMEEYELA TS
LR IS TLI2O5H¥ENRELLTE Y, HIER
EERYFE I HER LTIV b £ OEARIZKD
hisv, ¥h, BREBROWED, #REERTH3
thic —i3CITZER Uit 2 b, FAOBENVE
LELBRT D, FAE, Bacillus BHIEC BT, -~
77V Ay VEER, BRELESTIAIFCILT
FREINTWBZ ERRE SR, #oT, B thuri-
ngiensis DIERWHROELEDL 77 A I N X » GEE
PR S T 5 & ERFEBT 370, £ < OBt
ERTTAINEHBEL, 20, T0b - T HHRER
HEBXROMTT B DO o i 70.8:9:12,36,37.24,
10.17,18,19,20) = oy, TIZUKA et al'® 3, WHERLH X
nTC\Bb B thuringiensis @ TOW KLU, M
ENicF2«DT77AI FDNAEZBH T2 L ko
T, 50-150 Mdal o4 FE% 3 0EK7 I A 1 FhigT
CIHE L TW5BH T &, bW subspp. sotto & thom-

E 1S

psoni MIADTS A F¥HL, Th*h 10715 &
141.25 Mdal o4y FE%# 32 DNA ThHoH o &b, 4
B Bk 0 50-150 Mdal 7 5 A 3 F DNA hihs ik
BEARYTETHUENBEREY LD LREHLL

AER TR, BEER TR SI B B thuring-
ensis 30 BRic OV CEEBETFHEMBIFMBZ LT,
BEHPEE T HREAUMEROMEN B EHL
L, ZOHE, HalEROBEL, #ERDEIhT
U B BRI 1T RE (bipy ramidal, rhomboidal, cuboidal,
irregular)7:26:13.5.2,30.31,9,32,27,28.29) L iebiz Bic % 4 O i3
BEI N o72b DD, SHARPE and BAKER3® i
subsp. kurstaki HD-1 T3 U TH%ZE L7 embedded
body 73, ABLART CTIHE S h, 1 =2=Rko
embedded body 73 subspp. kurstaki HD-1, kurstaki
MC, kenyae T, REWMLFED embedded body 3
subspp. toumanoffi, yunnanensis TENENBEIh
t2e Zh 5 embedded body 23ED X 5 i@ CIES
h, COHABRRCHILDERY D > TWaRRATL
HEfE T T Taun Ay, FAST 2AMEAMI Oz E
535) embedded body AVREH: L7ckhR O 1L WK CHR
Licth & OB, COHAGIRERESEHE LEOHE
OHRICE D BHZ EERLTV D,

—H, B. thuringiensis DEATHEEREERES.
¥, BEBESRCEGREEZE LTV RN L,
REEVES and GARCIA33 25 subsp. thuringiensis BA-
068 T D LRI IZ U CTRIF MR JH L TRk, HALL
et al® 73 subspp. HD-1, tolworthi, galleriae,
kenyae, entomocidus, aizawai ¥, DE BARJACY 73
subsp. israelensis Iz OHBA and AIZAWAZ?D 73 subsp.
kyushuensis W, PADUA et al3? )NRNEWMILITHOKE
B FE R ESE TS subspp. darmstadiensis 73-E-10-
2, 73-E-10-16 w T h ZhREME R L1z, chbil
DOYHIRENE Y T 5 R EK ORI, subspp. fol-
worthi, entomocidus FF\NT, NEWILTT IO
BRI T A S O embedded body #H A &
BHTAHERTHL ENERZIND, 5%, BaktE
FOMRE L BEE ot O B S s B R &
OBHE IR T ER bW EEL D,

subsp. afzawai WRWTC, REWIFithLHr M awm
RoEREERYVE —FERPCBE S i, 202 &
i, Thb 2 00RESREENC X - THCET S
WETHHWEEDLHBH, ThLhOBEII BET
HEIRTWHETHE, BRCL > T2 O0DHEDE
oo snfed b b %, Hic, NISHIITSUTSUJI-
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UWO et al® 7% subsp. aizawai »HEEYS I » M
DR BERE L ELE T D sporeless mutant % FEk L7
ZEnh, ERUEROMELBENE L& e
THLETRBEOMB EEZ BB, i, subsp. finiti-
mus TEWCHRE UEBEPCEES 3 » VB EARAER
M HEOREHEERIBE IR TE Y, subsp. aizawai
EELRBEE R o E R,

subspp. alesti & tohokuensis THERMEBROMICER
REPBE CBEI N, OHBA et al® X 3 &
subsp. fohokuensis v, FEdRMETR I FhP iR,
KL THATH Z ERBMELTW D &,
Th ORI AEMMEBROBMOBE CHRT 298
LE2bRB, D8 DEBWZOWTEL subsp. alesti
DR L & HRSERF LIy,

AREERT, HREBROMEL 75 2 1 DNA,
Btk 2 HEEDNA S OBH#S & T B
iz, NIZUKA et all® 2388 2 Lf; 50-150 Mdal
OHFER LTI AT FDNA N, SaMEkEts
FET AT I A FTHHREML, ARBRTHERE
LCHBERD F K -7, B, Zh® 50-150 Mdal @
STFEEAETHT A K DNA 280k 2 B DNA
THDHZENRLICEINTIDTH B, L L, sub-
spp. finitimus & tochigiensis T 75 A 3 F DNA »
HEE X hioh - edd, subsp. finitimus Tk FAUST et
all® PARBERICDEMHT CIIHEEL 22,
subsp. fochigiensis TX7 7w — ABRHKB DO &%
TE2HIER I > THEEIhDFENYH S 2 & (HiF.
RFEE) 25, UTLLEOHRS L3FE Lich o
e oL, AEROBHIO12THS B. thuringi-
ensis DEETHHBUEBR O EL S5 2 ¢ F DNA
& OBSE T, BT LB - T,

F1r, WaMEBEREOKRE I X T B. thuringiensis
%ﬁﬁéﬁiﬁ‘f%ﬁ&bi, OB RS G EREE
R L > T TH &0, KEIVIETLRERE
BHREBHT A LAE—DRB LB L,

TIZUKRA et al.l®) OBEEL A7 5 A F DNA s &%
BRCHEL 775 A3 FDNA LT3, 5 FEDKE
75 AL FRBVCTHESZED DRIz, Blb, AERC
B7# e -2 VEKKEEBEY KPR & L, o
EBRISTROKEVT T A F DNA OLFBEREL L <
I iebEs i, EFZbRD,

] E3

B. thuringiensis 30 BRI C, fEmtEHEROMRE

TREBETEMGC X > TBE L, 20/% “he
BHARERL TSR TWAEY S 3 » MY, RER
Mk, REWALFELSH O A = e RTHEET S &
& iz (Table 2), 3Tz subsp. kurstaki HD-1 T
FED BTV % embedded body #5635 E & % M
S Lz, Blb, subspp. kurstaki HD-1, kurstaki
MC, kenyae Ti3% A 2 2lRdD, subspp. toumanoffi,
yunnanensis TIXAREILI D embedded body 7%
BE IR,

subspp. thuringiensis BA-068, finitimus, aizawai,
pakistani TiL, 2 EHROHMEOKEMBRIREL T
W ENBEEIRE,

subsp. tochigiensis T3, WY 7 3 v FEOKMLKSE
Koz, €71y FEOWEMAELRTWHHED
BRI EE I N,

subsp. wuhanensis TiY, Y5 I » F'%@—?ﬁ]@—‘
IORRG IO REMEHER N SPRE L TV 5 D0
Eihi,

Ch b RBE S HHEL TR M ERESERC O W
T, 75 A3 F DNA SRR 2EHE DNA » B L
T, B. thuringiensis DES T HEMMEBROTEL S
BT5752 3 FEBETH LOMREYRE L
A, ARBROFERENSIIHALM IR o T,
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Summary

Thirty strains of B. thuringiensis representing
24 different H-antigen serotypes and 2 non-H anti-
genic strains were examined by scan-electron mi-
croscopy and their parasporal crystals were com-
pared for differences in morphology. The classifi-
cation by their shapes of parasporal crystals which
indicate bipyramidal and rhomboidal, irregular and
cuboidal, and a few crystalliferous strains was
tried (Table 2).

Inclusion bodies called as embedded bodies other
than the parasporal crystals were observed in
subspp. kurstaki HD-1, kurstaki MC and kenyae,
which shapes were cuboidal, and in subspp. touma-
noffi and yunnanensis, which shapes were irregular.

In subspp. thuringiensis BA-068, finitimus, aiza-
wai and pakistani, two kinds of shapes in the par-
asporal crystals were observed in the mixture.

In subsp. tochigiensis, both tops of many bipyra-
midal form crystals were observed in lost.

In subsp. wwuhanensis, a part of regular rhom-
boidal crystals in shape were lacked on the surface.

The covalently closed circular DNA (cccDNA)
profiles in these various strains which indicate
some specific morphology in parasporal crystals
were compared with another strains produced
regular bipyramidal and rhomboidal shape crystals.
Characteristics of cccDNA from the some strains
of B. thuringiensis which indicate the difference
in the morphology of parasporal crystals were not
recognized in cccDNA elements on the slab gel.
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Explanation of plates

Plate 1

Each number in micrographs indicates serotype serotype based on classification according to
Dr. H. DE BARJAC.

Electron micrographs indicate parasporal crystals (c) and spores (s) of Bacillus thuringiensis
subsp. thuringiensis Berliner [1 (Ber)], thuringiensis BA-068 [1 (BA-068)], finitimus (2), alesti (3 a),
kurstaki HD-1 (3a, 3b (HD-1)], and kurstaki MC [3a, 3b (MC)].

SPH indicates spherical bodeis and EM indicates embedded body in each micrograph. Arrows
in 3a, 3b (HD-1) indicate cavities freed from the embedded body in parasporal crystal. x10,000.

Plate 1I

Each number in micrographs indicates serotype based on classfication according to Dr. H. DE
BARjJAC.

Electron micrographs indicate parasporal crystals (c) and spores (s) of Bacillus thuringiensis
subsp. sotto [4a, 4 b (sotto)l, dendrolimus [4adb (den)l, kenyae (4a, 4c), galleriae (5a, 5b), cana-
densis (5a, 5c¢) and subtoxicus [6 (sub)).

EM indicates embedded body in each micrograph and allow in 4a, 4b indicates cavity freed
from the embedded body in parasporal crystal. x 10,000.

Plate TII

Each number in micrographs indicates serotype based on classification according to Dr. H.
DE BARJAC.

Electron micrographs indicate parasporal crystals (c) and spores (s) of Bacillus thuringiensis
subsp. entomocidus [6 (ent)], aizawai [7 (x10,000)], aizawai [7 (X3,000)] morrisoni (8a, 8b) and
ostriniae (8a, 8 c).

CUB in 7 {X3,000) indicates cuboidal form crystals and IR in the same micrograph indicates
irregular form crystal. x10,000.

Plate IV

Each number in micrograph indicates serotype based on classification according to Dr. H.
DE BARJAC. '

Electron micrographs indicate parasporal crystals (c) and spores (s) of Bacillus thuringiensis
subsp. Zolworthi (9), darmstadiensis (10), toumanoffi (11 a, 11b), kyushuensis (11a, 11 ¢c), and thomp-
soni (12).

SP in 12 indicates sporangium and allows in 1la, 11b indicate irregular form embedded
bodies. x10,000.
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Plate V

Each number in micrographs indicdtes serotype based on classification according to Dr. H.
DE BARJAC.

Electron micrographs indicate parasporal crystals (c) and spores (s) of Bacillus thuringiensis
subsp. pakistani (13), islaelensis (14), dakota (15), indiana (16), tohokuensis (17) and kumamotoensis
(18).

IR in 13 indicates irregular form crystal and SPH in 17 indicates spherical bodies. Xx10,000.

Plate VI

Each number in micrographs indicate serotype based on classification according to Dr. H.
DE BARJAC.

Electron micrographs indicate parasporal crystals (c) and spores (s) of Bacillus thuringiensis
subsp. fochigiensis (19), wuhanensis (wuh) and yunnanensis (yun).

Allows in 19 indicate parasporal crystal lost both tops of bipyramidal form, allows in wuh
indicate parasporal crystals lacked a part of regular rhomboidal form, and allows in yun indi-
cate irregular form embedded bodies. x10,000.

Plate VIL

Representative comparison of numbers of plasmid DNA elements isolated from strains of
Bacillus thuringiensis on agarose gels subjected to electrophoresis. DNA preparations and stand-
ards were applied to the sample slots (20-50 2#8) of 0.7% agarose slab gel (Tris-EDTA-borate
buffer at pH 8.0) and electrophoresis was carried out at 2mA for 15 min. followed by 40 mA for
5hr. Direction of migration is from the right to the left. White pointers indicate no covalently
closed circular DNA elements as revealed on the original photographic negatives when compared
with heat-treated () samples. The thick white bandings in the slots are chromosomal DNA.

Plate VIII

Representative comparison of numbers of plasmid DNA elements isolated from strains of
Bacillus thuringiensis on agarose gels subjected to electrophoresis. DNA preparations and stand-
ards were applied to the sample slots (20-50 #4) of 0.7% agarose slab gel (Tris-EDTA-borate
buffer at pH 80) and electrophoresis was carried out at 2 mA for 15 min. followed by 40 mA for
5hr. Direction of migration is from the right to the left. Arrows in the slot indicate no
covalently closed circular DNA elements as revealed on the original photographic negatives
when compared with heat-treated () samples. The thick white bandings in the slots are chro-
mosomal DNA.
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