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* Aerobic growth

®* Facultative anaerobe

® Strict aerobe
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Bacillaceae (cont.) e
B. Cereus

B. Thuringiensis

" Formed unique type of resting cells called LAY

ex : B. Polyxyma (fixe le N2)
v Central, Subterminal of Terminal
J Spores are reSIStant to heat ex : B. Pasteurii (dégrade 'Urée)

= Endospore

Robert Koch's original photomicrographs of Bacillus anthracis.



N1FANUUNANLURINAE (HABITAT)

“5onolsn (Pathogenic species)
*B. anthracis

*B. cereus

“wuniiseluau (Soll bacteria)

*B. subtilis

*B. megaterium
“wuniiseluin (Aquatic bacteria)

“nquireunie (Halophilic bacteria)



Bacillus phylogenetics
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B Bacillus anthracis

B {5a Anthrax wiadly 3 4im:

1. Cutaneous Anthrax (>95% 229n175079)
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3. \AAGNA (black eschar)

2. Pulmonary Anthrax
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Bacillus subtilis
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INTRODUCTION

* The sporogenous, rod-shaped bacteria are classified
into two genera: Aerobic Bacilli

Anaerobic Clostridia

* The genus Bacillus consists of aerobic bacilli forming
heat resistant spores.

* They are Gram positive but tend to be decolourised
easily so as to appear Gram variable, or even frankly
Gram negative.

* They are generally motile with peritrichous flagella.

* The genus includes psychrophilic, mesophilic and
thermophilic species.



Aerobic | [ Facultative anaerobic,
oxidase (+) | | oxidase (-) (ferment glucose)




INDRODUCTION

The maximum temperatures for vegetative growth
ranging from about 25°C to above 75 °C and the
minimum from about 5 °C to 45°C.

Their salt tolerance varies from less than 2 % to 25 %
NaCl.

Their spores are ubiquitous, being found in the soil,
dust, water and air and constitute the commonest
contaminants in bacteriological culture media.

Bacillus anthracis, the causative agent of anthrax is the
major pathogenic species.

B cereus can cause foodborne gastroenteritis some
species may be responsible for opportunistic
infections.

Source: Kiimar ( P



Tanaia liineaiu BACILLUS

B Bacillus species : rod-shaped bacteria

B Aauynuiabiduduasienanyse snau B. anthracis wag B. cereus

B B subtilis gnvunlugnaInnssuraneyle
B Bacillus species fingnnuusslufuuazifinsnnulanailuuin
filoendlauUsinaas

B uluaniisiiluiieandiau Bacillus species fogsanlalnenisasuoulnales
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Gram stain

I
Gram-positive

I

Cocci Rods
Catalase I

x | = Non-spore former Spore former

' |

Staphylococcus spp. Streptococcus spp.
i y] a i PP Corynebacterium spp. Bacillus spp.
Listeria spp. Motility
Coagulase Erysipelothrix spp. Hemolysis
Aerobic actinomycetes
|+ = Lactobacilius spp. i &
Staphylococcus aureus Coagulase-negative Bacillus spp. Bacillus anthracis
Staphylococceus spp. Catalase
+ — x
Corynebacterium spp. Erysipelothrix spp.
Listeria spp. Aerobic actinomycetes
| Lactobacillus spp.
Motility (25° and 37° C) |
. Bile esculin® H»>S production _
o | I I
Listeria spp. Corynebacterium spp.  Erysipelothrix spp. Aerobic actinomycetes
Lactobacilflus spp.

*Except Corynebacterium kutscheri

Figure 13-1
Schematic diagram for the identification of gram-positive bacteria.




Domain: Bacteria

Classification

Gram-Positive Bacteria

Division: Firmicutes Bacill Cocci Branching
I OO filaments
Class: Bacilli l
. Aerobic Anaerobic
Order: Bacillales | | Aerobic Anaerobic
Listeria Clostridium I I
1 . 1 g'c"ll::actoﬂ m Nocardia Actinomyces
Fa m I ly. B a C I Lla C e a e ot = Aerobic (weakly acid fast) (not acid fast)
Genus: Bacillus Cunsed oo
Streptococcus Staphylococcus
cll I | congusse © | congumme®
Partial hemolysis B No hemolysis
Complete hemolysis
Optochin sensitivity | Growth in 6.5% NaCl
No ves | No Yes Novobiocin sensitivity
Viridans strep S. pneumoniae Nonenterococcus Enterococci
(unencapsulated) (encapsulated) S. bovis (group D)
* 5. mutans & et No I Ynl
® 5. mitis * E faocalis S. sa hyti 2 v
prophyticus S. epidermidis
Bacitracin sensitivity
No Yes
S. agalactiae S. pyogenes
(group B) (group A)

S. aureus



Bacillaceae

" The family Bacillaceae
= -v4 1 | v 6
B JanuwzAUAaN1sas1aUladUas
B A153R10Un Bacillus TuTuny N15041970:
v’ Aerobic growth

v Endospore formation

" dpanuuntinalngen AEan AU A ANANTRANIGTA



Bacillaceae (cont.)

B 39700717 70 YUA

pad)]

" nand1Ayuee Family Bacillaceae &siivtannviinAnia Bacillus

)

Sy

. anthracis

AAudAyNgn

al

anlauenisdinin (biological warfare)
Anthrax

=0

NN X

AN

B. cereus
NSRRI a8 laNd

ANZNSINLEUVBINTLNIEBIMISWazanld (Gastroenteritis)
N15AALIENI19A1 (ocular infection)

nsAnelunszualdanannslaauaiu (catheter-related sepsis)
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Bacillaceae (cont.)

" In 1972, recognized by Ferdinand Cohn
and named as Bacillus subtilis
" Characteristics:
v’ Gram positive bacilli
v’ 0.5-1.2 x 2.5-10 lalasiuns

" Arranged in long chains

" Growth in Presence of oxygen
v aerobic, facultative anaerobe

v Strict aerobic

" (Capsulated

Spore stain of Bacillus sp. (Courtesy Cathy Bissonette.)

20



Bacillaceae (cont.)

" some former members of the genus Bacillus were gathered into new

Families, including

" Acyclobacillaceae

Paenibacillaceae

[ ' i . : . Family Acyclobacill
Bacillus acidocalderius Acyclobacillus acidocalderius_ " "R AR

Bacillus alvei Paenibacillus alvei

— Family Paenibacillaceae
Bacillus brevis Brevibacillus brevis

21
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" 1. undga (Capsule)

e asalsznau: poly-D-glutamic acid 138 carbohydrate
v dl [ 6 dl v % dgj
* YU ﬁmﬂulﬁﬁ@@Lmemmmﬂ‘ummg‘mmﬂmqm@
*  ANULANFNTZUINNATTE:
* B. anthracis: #53uAtlga poly-D-glutamic acid

* B cereus Wa¥ B. thuringiensis: VLszﬁi?‘/’NLLﬂﬂﬁ@

B 2 S-layer

o Tasvasnanuasllsnuvzalnalalysmu
Qi £ o =

e Nandasiunitaniy
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Structure

Surface of Bacillus: WuRIvaLTAdUNTASE

" Gluinwaavesundadainuduyen %9'\‘1Lﬁ'mmya\‘]ﬁuqmamﬂ’mumumzﬁm
(adherence) AUAUNTUADEN TN INADNT LNy (resistance) WagN3
AOUALBITDIYAA (response)

" vegetative cell surface 184 Bacillus Ui%ﬂ@‘UGT’JEJ
v 3 capsule
v 2 proteinaceous surface layer (S-layer)
v\ several layers of peptidoglycan sheeting

V' the proteins on the outer surface of the plasma membrane.

23
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Structure (cont.)

X Capsule
" In all Bacillus species, peptidoglycan in the cell wall, contain large
amounts of teichoic acids which are bonded to muramic acid residues.
" 3auas slycerol teichoic acids fiAuuanastussnsnluuSadavia
Aoy wazenwin
" v lipoteichoic acids Tu cell membranes® < Bacillus species

24




Structure (cont.)

X Capsule:

" The capsules of many bacilli, including B. anthracis, B. subtilis,
B. megaterium and B. licheniformis, contain poly-D or L-glutamic
acid.

" Other Bacillus species, e.q., B. circulans, B. megaterium, B. mycoides
and B. pumilus, produce carbohydrate capsules.

" Dextran and levan are common, but more complex polysaccharides

are produced, as well.




Structure (cont.)
X Capsule

" The capsule of B. anthracis is composed of a
poly-D-glutamic acid.

" The capsule is a major determinant of
virulence in anthrax.

" B. cereus Wa¥ B. thuringiensis Zi/'mg“j’}\?éém/gfﬁ
a9 Ainulnadannsiusnssudu 8. anthracis
%QGL?}JLﬁULﬂmgV?LUﬂ’ﬁLLEJﬂﬂ’NﬂJLLG]ﬂG]I’W\‘ﬁ%‘WJIN"U‘Dﬂ




Structure

Flagella

g s ** VirogT "
. L]
.'

‘, s "

) S .
L\H l& f

‘P.givei. + - Bbrevis -, 8 cereus. B.c:rculans’ * B. coagulans, ,

WWW.BACTERIAINPHOTOS.COM




Structure Flagella

Individual cells of motile bacilli photographed on nutrient agar. About
15,000X magnification. U.S. Dept. of Agriculture. A. B. subtilis; B. P.
polymyxa; C. B. laterosporus; D. P. alvel.

Aerobic sporeformers aauluaadouilagle

peritrichous flagella

28
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Structure

Endospore:

eulnavasgnaunuadausnlag Cohn lu B. subtilis uazgnaunumeulag Koch
1u pathogen Bacillus anthracis.

Cohn wanslmiurneulnavesiamaui@lunsnusou (heat resistance)

Koch a%mmq%mﬁa;ﬂqLauimaﬂagiu B. anthracis.
LauiﬂaﬂasaﬂaﬁWQﬂﬂaiuL%aa (intracellularly) ndsa1niiuas aﬂﬂaaaaam'm
mother cell maaﬂaﬁuﬁmmﬂmﬂﬁuaﬂ free spores

Endospores ﬁ)vluaﬂamwﬂuﬁ 21171971 9aaiin15193 R (active growth) waz
Tuafifinisuuswaa (cell division)
AswasunlasweswaauniiioasnaseulaaUes (differentiation begins when a

population of vegetative cells) lAATULLBIEAANLINNN1TLATE LY

29
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Structure

Endospore:

Endospores have proven to be the most
durable type of cell found in nature, and
In their cryptobiotic state of dormancy they

can remain viable for extremely long periods

of time, perhaps millions of years

bacllus  subtlls



Structure m(’,’
Endospore: /—\ m
~

O LmaﬁﬂwﬂmqamwmLauiﬂaﬂaﬂmaimama (unstained) VLWAUSNWULZVDU

Glak qumml,azﬁﬂmuaq

12
v

" LauladUasnu/MmuUNIUABNISEBNLUU simple stain Aedulun1T8oNLNTUA
udulassasenlufng . . S W M

" mseeueulnalashiis Schaeffer-Fulton staining YYIIAANAIIULANANS

Y03LaulnaUnTan vegetative cells

31



Procedure of Endospore Staining by Schaeffer-Fulton staining

= &
. 'l‘.\ :
/< J
|. y *x}‘ [ *u‘
Application of Application Application of Application of
Malachite Green of heat water Safranin
(primary stain) (mordant) (decolorizer) (counter stain)

32



Structure

Endospore:

Spore stain of a Bacillus species. CDC. The staining technique
employed is the Schaeffer-Fulton method. A fixed smear is flooded with a
solution of malachite green and placed over boiling water for 5 minutes. After
rinsing, the smear is counterstained with safranin. Mature spores stain green,
whether free or still in the vegetative sporangium; vegetative cells and

sporangia stain red.



Structure

Endospore:

Pl \

" Left. Bacillus thuringiensis phase micrograph. Endospores can be readily
recognized microscopically by their intracellular site of formation and
their extreme refractility.

" Right. Bacillus anthracis Crystal violet stain viewed by lisht microscopy.

" Endospores are highly resistant to application of basic aniline dyes that

readily stain vegetative cells.
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Physiology and Pathogenesis

Eco-physiological Groups: Bacillus

5 Torowps——Torgmiam 5% arows | Orgomism

1. Acidophiles Bacillus 5. Thermophiles Bacillus
coagulans schlegelii

2.  Alkaliphiles Sporosarcina 6. Denitrifiers Bacillus
pasteurii cereus

3.  Halophiles Virgibacillus 7.  Nitrogen-fixers Paenibacillus
pantothenticus polymyxa

4. Psychrophiles  Bacillus 8.  Antibiotic Bacillus
megaterium Producers licheniformis

(bacitracin)

36



Physiology and Pathogenesis

Pathogens of Insects:

N P N P e

Paenibacillus honeybees American  Spores germinate in the gut of

larvae foulbrood the larva and the vegetative form
of the bacteria begins to grow,
taking its nourishment from the

larva
2. Paenibacillus Japanese milky This ingestion of the spore by the
lentimorbus  beetle, Popillia diseases  host activates reproduction of
japonica the bacteria inside the grub
(larva).
3. Bacillus lepidopteran production of an
thuringiensis insects intracellular parasporal crystal in

association with sporefermationzo4



Physiology and Pathogenesis

Pathogens of Animals & Human:

Bacillus anthracis and B. cereus are the predominant pathogens of

medical importance.

Paenibacillus alvei, B. megaterium, B. coagulans, Brevibacillus
laterosporus, B. subtilis, B. sphaericus, B. circulans, Brevibacillus brevis,
B. licheniformis, P. macerans, B. pumilus and B. thuringiensis have been
occasionally isolated from human infections.

B. anthracis is the causative agent of anthrax, and B. cereus causes food
poisoning.

Nonanthrax Bacillus species can also cause a wide variety of other
infections, and they are being recognized with increasing frequency as

38

pathogens in humans.



AzATsnaliNalsa Yas Bacillus spp.

B. anthracis =) anthrax

B. cereus = ams Uiy

Bacillus spp. =) nelspanelonia

Bacillus subtilis

=  Tvlugnavnssuniunieg



Bacillus

B. anthracis: anthrax of the animals and humans.
B. cereus: food poisoning; opportunistic infections.

Morphology and Physiology /

Aerobic or facultatively anaerobic.

Large gram-positive rods, have
square ends, arranged in long
chains.

Form spores.

Most are saprophytic (soil, water,
air, and on vegetation.)



CUTANEOUS ANTHRAX

WU > 95% UBIN15AALYS anthrax
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CUTANEOUS ANTHRAX

Anthrax: Cutaneous

Lefl, Forearm lesion on day 7 - vesiculation anc ulceration of inilia
macular or papular anthrax skin lesion. Right, Eschar of the neck on
day 15 of iliness, typical of the las: stage of the lesion. From Binford CH,
Connor DH, eds Pathology of Tmpical and Extracrdinary Diseases. Vol
1. Washington. DC: AFIF: 1976:119. AFIP negative 71-1290-2.




PULMONARY ANTHRAX

Anannsgany melaenduazessannvu wil nszan 7
aUasunaite
alassoniiven @
{Ane1nnsidensen Weruleansnieay
MeladIuIn LIUNLNBN LNABEIITIALS?
A BAR RINIGRGRI

UNLARAUAUINIIULSIIUVUERNY woolsorter’s disease



GASTROINTESTINAL ANTHRAX

Anann vilaewlodniniange
9INTVNNTLNIEBINS
Urngemes Sy e1Feu

newdey nnedudon dlagnsu
Tafmdufie wazvor
H9MIINTANLE

Anludon Aduman wnnluay
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B. cereus food poisoning

Emetic Form Diarrheal Form

Implicated Rice Meat, vegetables

tood

[ncubation <6 (mean, 2 >6 (mean, 9)

period
(hours)

Symptoms Vomiting, nausea,  Diarrhea, nausea,
abdominal abdominal
cramps cramps

Duraton 8-10 (mean, 9) 20-36 (mean, 24)

(hours)

Enterotoxin Heat-stable [Heat-labile

45



N7 ks lemiann BACILLUS SUBTILIS luanannngsa

Review ] Open Access \ Published: 03 September 2020

Bacillus subtilis: a universal cell factory for industry,
agriculture, biomaterials and medicine

Yuan Sy, Chuan Liu, Huan Fang & Dawei Zhang

Microbial Cell Factories 19, Article number: 173 (2020) \ Cite this article

54k Accesses \ 94 Citations \ 9 Altmetric ’ Metrics
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o-Amylase Xylanases  Lichenase

5 ‘ a
g Riboflavin

AN Lipsse  Cellulase  Pectinase i
N, Meanguinone-7
11 : < ? "

2 & E i % " H |
- R -
CRISPR-cas9 FF ¥ A K O, o -

o & ﬂ%
inati LT S aReiit, :
recombination f '_;.-;?..': ﬂi?ﬁ P .n.‘.. '4; ;{'% K7 jad

N-acetyl-glucosamine

Vaceines -
t el _ 5 T
L;ﬁ-_r B Application of B. subtilis for genetic engineering,
3D-priting . J_,'-? production of industrial chemicals or enzymes,

agriculture, medicine and biomaterials. The CRISPR/cas9
tool has been widely used in the genetic engineering of
B. subtilis. The bacterium can be used to produce
various industrial enzymes, such as Ql-amylase,
xylanase, lichenase, lipase, cellulase, or pectinase. It
can also be used to produce various chemicals, such as
riboflavin, menaquinone-7, inositol, or N-
acetylglucosamine. In agriculture, it can be used as a
feed additive. Biofilms of B. subtilis can be used as a
biomaterial in 3D printing. In medicine, B. subtilis can
be used to produce vaccine



BACILLUS SUBTILIS : nnsuszeinsi L lumnumnge

B Bacillus subtilis is an aerobic, Gram-positive soil bacterium, which has been widely used for the
production of heterologous proteins [1]. It secretes numerous enzymes to degrade a variety of
substrates, enabling the bacterium to survive in a continuously changing environment. This
species and some of its close relatives have excellent protein secretion ability, making them
important hosts for the production of medicinal proteins and industrial enzymes. For these
reasons, it has been widely used to produce heterologous proteins. Moreover, it has excellent
physiological characteristics and highly adaptable metabolism, which makes it easy to cultivate
on cheap substrates. Accordingly, B. subtilis grows fast and the fermentation cycle is shorter,
usually, around 48 h, while the fermentation cycle of Saccharomyces cerevisiae is around 180 h
[2, 3]. Furthermore, excellent expression systems with good genetic stability are available for this
organism, and it has no strong codon preference. Different from Escherichia coli, B. subtilis has a
single cell membrane, which facilitates protein secretion, simplifies downstream processing, 2nd

reduces the process costs. Finally, this species is generally recognized as safe (GRAS)



CURRENT TOPICS IN BACILLACEAE RESEARCH

*1. Medical Applications
*COVID-19 vaccine development
*Probiotics and gut health
*Antimicrobial resistance
2. Environmental Applications
*Sustainable agriculture
*Plastic biodegradation
*Smart materials
3. Future Perspectives
*Space biology z

*New applications in biotechnology



BACILLUS AUN19IWeNUS AT COVID-19

*ms3ly B. subtilis ilu platform lumsuanlisdu spike
191 SARS-CoV-2

*JoRnoAUNUM Hand1 Lazaoane
Y 3 v A a o . < 1 v A
fimsnauniluindustiaiulszmu (Oral vaccine) sazainaemsIningulu

v
‘WNIN | I policy

. N
vaccines MD\IT}J

» Vaccines (Basel). 2021 Dec 21;10(1):2. doi: 10.3390/vaccines10010002 i3

Expression of SARS-CoV-2 Spike Protein Receptor Binding Domain on
Recombinant B. subtilis on Spore Surface: A Potential COVID-19 Oral
Vaccine Candidate

Johnny Chun-Chau Sung 234, Ying Liu 3, Kam-Chau Wu , Man-Chung Choi }, Chloe Ho-Yi Ma !, Jayman Lin

14 Emily Isabel Cheng He *, David Yiu-Ming Leung 35, Eric Tung-Po Sze 7, Yusuf Khwaja Hamied , Dominic Man-

U KitLam *?, Keith Wai-Yeung Kwong 1238

50

en retracted. See Vaccines (Basel). 2022 Nov 1;10(11):1852,




NINRUSATUIAYA-19 wuusUUsznulagld B. SUBTILIS
I e

B A ueeadlatulain-19 LuUan B pswaundadulada-19 wuusuilsnnu

T R RCERTEIER 1. nsanulasNugnesy

1.  uw#@m3aan spike protein receptor binding domain
(sRBD)

*  FENNNINTALINEINAMNNANNIN

o o oy 2. wandeenfinnresatles
L m?mmﬂmmeﬁumimmﬂ
2. HANITNAAaL

74 = of o
B 9a9mU4 B. subtilis 1. dasaislunynaasuazanatasing

¥
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1. AUANITRANUFIY

a9

2. nIzuNsauausuansia sRBD

=l ar ar =l <
, 3. aAnanwlunswaeuiaduniaaan
o a a oAl o
1. anlugaunatilaansis (GRAS) .

2. 1lai¥l endotoxin vo o s
’ o TidnTuladne
3. il host dmsunisuaniisaugnuaslan o anAldaalunisiiuineuazauds
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BACILLUS PROBIOTICS waz GUT MICROBIOME

Bacillus Probiotics waz Gut Microbiome

o N9l B. clausii waz B. coagulans iuinslulasmn
o a = o Y]

* unum NN AN Al AL lua1 14

v [ %

* HARITLUNNANAULATEUININIALITIN

Current Progress and Future Perspectives on the Use of Bacillus clausii

Emilia Ghelardi !, Ana Teresa Abreu y Abreu ?, Christian Boggio Marzet 3, Guillermo Alvarez Calatayud *, Marcos

Perez Ill >, Ana Paula Moschione Castro ®

Editor: Haruki Kitazawa
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