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1.2. Bacillus thuringiensis subsp. kurstaki (Btk)
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1.3. Wheat bran (WB) structure & chemical composition

Mean composition of Wheat Bran (WB)
(Hell et al.. 2016. Sapirstein et al. 2016. Stoffel et al.. 2019)

Component Content in WB
Starchy Epidermis) ) (%w/w)
i ’" _’,’,ff‘,’f’,fjki'@f Polysaccharides Reserve sugars 15-45
A A - Oligosaccharides 3.7
= / (ggﬁma%tumm > Bran - Starch 13-40
g Sl (e Fibres (structure) 35.7-62.3
= o) - Cellulose 6.5-11
. e ) - Hemicellulose 20.8-33
- Lignin 9.8-16
Proteins 13.2-21.1
Wheat Kernel structure Ashes/Minerals 2.2-8
(Balandran et al. 2015) Water 0-12




1.4. Background

Sieving of WB into 4 classes:
class 1 (>850 um),

class 2 (500-850 pum),

class 3 (250-500 pm) &

class 4 (<250 um).

(Devi et al. 2005) Optimal Btk growth &
crystal production in class 2.
([WB]=73.6 g/L), 248 rpm
(Abboud et al. 2017)

WB: good medium for
Bt crystals production




1.5. Main Scientific Questions

1. Does the substrate elemental composition differ between one
class and another?

2. Do the mass balance and the elemental composition inform
us about the progress of the culture, the limiting nutrients and
the fermentable fraction?

3. In terms of scale-up approach, are the limiting components in
bioreactor culture the same as in flask?

4. Can the elemental composition help us interpreting the 3
phases of culture & the biokinetics in bioreactor?




Materials & Methods
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2. Materials and Methods

Bacillus thuringienis Lip str

1 4

ain
= 0 - < Vgl °

Bioproject reference on NCBI: PRINA924104

Assembly: GCA 028356555.1

Source: Fayad N, 2023 Microbiol Resour Announc.
El Khoury M, 2014 Arch Microbiol.

Crystals from Btk strain Lip


https://www.ncbi.nlm.nih.gov/datasets/genome/GCA_028356555.1/

. I
I .
Substrate | Suspension I Sample
I
Raw WB : HT without culture: Flask, Bioreactor | Insoluble fraction
. (0)
Class 1 (>850 pm): <1% HT+ culture: I (substrate)
Class 2 (500-850 um): = _rck (48h, 30°C, [WB]=73.6 g/L, |
B | Permeate (cells,
. 30ty ! spores, 6-

Class 3 (250-500 um): - Bioreactor (48h, 30°C, [WB]=73.6 | "

l endotoxins)

51.4% g/L, pH7.5, p0,> 25%)
Class 4 (<250 um) : 28.2%

Bioperformances Chemical analysis

CFU (not shown) Dry matter (gravimetry), Ashes (gravimetry)
Spores (not shown) Starch: Colorimetry (I,/Kl), Nitrogen (Kjeldahl)
O-Endotoxins CHONS (Combustion Flash + GC)

Determination of mass balance (permeate/insoluble fraction).
Studying the elemental composition of WB before and after culture
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Results & Discussion
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3.1 Lip Genomic features

Bioproject /

Accession GC content

Replicon Biosample / NCBI SRA Length (b CDS # (total

pli i p /_ number gth (bp) (total) (%)
accession

Chromosome CP116313 5,293,947 5,632 35.2
pLip2189 CP116316 2,189 4 35.3
pLip7635 CP116320 7,635 8 32.2
pLip7911 CP116321 7,911 9 32.3
pLip8513 CP116322 8,513 9 30.8
pLip12 PRINA924104 / CP116314 12,276 21 31.1
Lip pLip15 SAMN32746259 / CP116315 15,008 28 34.9
pLip69 SRX20261752 CP116319 69,004 76 32.2
pLip91 CP116323 91,357 102 31.2
pLip97 CP116324 97,437 85 34.5
pLip300 CP116317 300,451 267 33.1
plip457 CP116318 457,481 408 32.7



https://www.ncbi.nlm.nih.gov/bioproject/PRJNA924104
https://www.ncbi.nlm.nih.gov/nuccore/CP116313.1/
https://www.ncbi.nlm.nih.gov/nuccore/CP116316
https://www.ncbi.nlm.nih.gov/nuccore/CP116320
https://www.ncbi.nlm.nih.gov/nuccore/CP116321
https://www.ncbi.nlm.nih.gov/nuccore/CP116322
https://www.ncbi.nlm.nih.gov/nuccore/CP116314
https://www.ncbi.nlm.nih.gov/nuccore/CP116315
https://www.ncbi.nlm.nih.gov/nuccore/CP116319
https://www.ncbi.nlm.nih.gov/nuccore/CP116323
https://www.ncbi.nlm.nih.gov/nuccore/CP116324
https://www.ncbi.nlm.nih.gov/nuccore/CP116317
https://www.ncbi.nlm.nih.gov/nuccore/CP116318

Identified Lip cry genes

Strain

HD-1

Plasmids
pLip97

pLip300

pBMB65

pBMB95
pBMB299

ID
CP116324.1

CP116317.1

CP004873.1

CP004875.1
CP004876.1

Toxins
CrylAb1

CrylAcll
CrylAc28
CrylAal2
Cryllal0
Cry2Aal
Cry2Abl

CrylAbl

CrylAc5
CrylAa6
Crylialo
Cry2Aal
Cry2Abl

Length
1155

1178
1176
719
1052

633
633

1155

1177
620
719
633
633
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The main toxin carrying plasmid pLip300

group Il intron . CDs
roup Il intron l GC Content
group Il intron N /g istB 1S232 (1S21) .cry genes

istA 15232 (IS21)

M vip genes
site-specific integrase B Sporulation-delaying protein family toxin
Il int . .
grg[lopli-l l intron, B MGEs and associated proteins
>, ISBt2 (I1S3) B Recombinases and integrases

Potential 1S200/1S605-associated transposons
Potential 1S4-associated transposons

300 kbp

280 kbp 20 kbp

IS231C (IS4)\ )

- _——group Il intron

pLip300 - -
CP116317.1
300,451 bp

Y-recombinase—— -

Y-recombinase

1S231C (IS4)—

TxerS

—~—
N 1SBth167 (1S3)
\\

ISBth17 |SBth17

site-specific integrase/

1S231C (1S4)
ISBth166 (1S110)

ISBth17

ISBth165 (ISNCY)

ISBth4 (|34)/ ’
//

Tn3 Sporulation-delaying protein family toxin

'SB"“G cry 1A°28 — ISBth? (1S1182)
[ :
/I3231 B (IS4) Y
ISBth17
StA 15232 ('521) / / ' \ \\ ‘”ps Wista 15232 (1521)
N-acetylmuramoyl- L-alamne amldase /ISBth17 cry2Aal |cry1Aal2 crygAb1 istB 15232 (1S21)
cation: proton antiporter cry1|a10 \ \ ISBth17
recombinase istB 1S232 (1S21 I .
( ) cation: proton antiporter ISBth17
xerS
N-acetylmuramoyl-L-alanine amidase 14

ISBth10 (1S3)



Beta-exotoxin (Thuringiensin)

* Inhibits RNA synthesis
 Encoded by a cluster of
 The proteins work together to assemble Thuringiensin (700 Da)

0 1 2 3 5 6 7 8 9 10 11 12 Kbp
I huB thu1 thuC thuD thu2 - thuF huG thu4d

By advice of the any bacterial strain possessing

the , especially the kinase-coding gene, is deemed
so they cannot be used as biopesticides.
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 BerA and berB were found in all the strains.

THUA THUB THU1 THUC TGUD THU2 THUE THUF THU3 THUG THU4
LIP XX X

HD-1 X X

Screening of Thu proteins in the Btk strains of interest. The “X” symbol represents the presence of the Thu protein. “XX”

represents the presence of two proteins in the genome (in Lip’s case, the second is a pseudogene).

Cluster incomplete =» Synthesis of Thuringiensin is not possible by Lip



3.2 Biochemical limitation of Biopesticide production on WB based medium
3.2.1 Endotoxins production in WB vs Semi-synthetic medium (SSM)

Btk 6- endotoxins yield in mg/mL

Culture in bioreactor Culture in flasks
I Btk SSM WB Raw WB WB WB
Strains  sarrafzadehetal. 2005 Rahbanietal. 2015 Class 2 Class 3 Class 4
HD1 0.7 0.43 / / /
BLB1 0.73 0.63 / / /
p 0.19 0.43 iod 514 197 106.5 04771 106?03622

» Btk Lip: Higher yield in WB vs SSM
» Btk Lip bioperformances 1" on class 2 & 3



3.2.2 Raw and sieved WB chemical composition

Water Protein .
Mass Starch : Elemental Composition [%w/w]
content Kjeldahl
Si D[4.3 t d . tei
Class | '€ [4.31 | oo jwy| [BWater |[g/gdm | [geq.protein C H 0 N S Ash
(um) | (pm) /gdm] ] /gdm]
0.119 0.207 bl 44.79 6.74 36.53 2.50 4.43
598.5 100 ) i +0.012 i : i : 0.00 :
HE +0.07 | +0.008 0.0 10.44 | +0.20 | +0.37 | +0.24 +0.12
0.116 0.173 0.145 44.21 6.50 35.62 2.60 3.70
. 865.4 | 19. :
2 g kil +0.04 +0.35 +0.012 +0.19 +0.12 +0.45 +0.23 HLL +0.12
0.116 0.144 0.127 45.34 6.46 37.89 2.48 4.28
250-500| 531.1 51.41 0.00
3 +0.04 +1.35 +0.014 +0.08 +0.04 +0.44 +0.04 +0.12
0.116 0.347 0.155 42.40 6.61 34.60 2.61 3.23
<2 2753 | 28.2 ‘
4 2 oL +0.04 +0.47 +0.016 +0.04 +0.12 +0.37 +0.24 L +0.12

» WB granulometry = & effect on elemental composition
» Class 4: highest starch [ ]

» WB molar formula (mol/C_mol): CH, 5,00 53Np.0a

» WB massic formula (g/g_C): CHg 1400 71No.05AShg 1



3.3. Btk elemental composition

. C H (0] N S Ashes . . .
Btk Strains (%ow/w) (%w/w) w/w) | Cw/w) | @wiw) | (w/w) > Btk strau.n.s. identical elemental
Lip 43.37 6.22 24.84 10.48 0. 00 7 composition
45.7 6.61 26.89 10.51
BLB1 +0.067 +0.09 +0.87 +0.011 0.00 6.7 » Molar formula of the strain
HD1 44.65 6.42 26.56 11.23 o0 NA (mol/C_mol): CH1.7200.44N0.21
+0.3 +0.072 +0.68 +0.068 ‘
44.82 6.46 26.35 10.79 6.8 » Massic formula of the strain
Mean value 0. 00
+0.98 +0.17 +1 +0.4 +0.17 (g/g_C):
S Elements (%m/m) Chemical Molar CH0.1400.59N0.24Asho.15
formula Mass
Ashes C H (o) N (Cmol) (g/mol)
oo » Btk: elemental composition close
Bt spp. kurstaki (MSc) | 6.80 | 44.82 | 6.46 | 26.35 | ~ " | CHy;,0044Noy; | 25.52 to Bacillus cereus (Popovic et al.
Lactobacillus 12.7 2019)
- 9.03 | 47.54 | 6.25 | 24.39 | "7 | CHy50056No s | 25.26
Flavobacterium 10.8
Dehydrogenans 13.5 | 45.16 | 6.15 | 24.29 | " | CHy304,40No1 | 26.60
Escherichia coli 11.3 | 47.83 | 6.95 | 21.65 | 12.3 | CH; ;,0034No2> | 25.11
Bacillus cereus 9.98 | 46.05 | 5.73 | 26.26 1:;'9 CH, 400043Np2, | 26.08




3.4. Btk vs WB. Elemental composition

50 +
B Substrate
40 + H Strain
- Btk strain (LIP, BLB1 and HD1):

—_ Mass (g/g_C): CH0,1400,59N0,24A5h0,15
$ Molar (mol/C_mol): CH, 7,0¢ 45Ng 21 . . g
= Substrate (WB): » Strains are more rich in
< 30 - M /g_C): CHg 1400 7:Ng osAshg 1 . .
S M?JT::(gmg(;li_moi):CI:I1,7460,535|'UO,;4 Nitrogen & minerals and
8 less in Oxygen compared to
gzo 1 substrate (WB)
a » WB is the only source of
= Nitrogen during Btk culture

10 -+

Carbon Hydrogen Sulfur

Element [/]
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3.5. Evaluation of the fermentable fraction over classes

Substrat + Oxygéne + Azote + Oligo + ... =» Biomasse + CO2 + produits (Spore, endotoxine) + eau + énergie
1/6 CgH1,06 + 0 O, + B NH3 + Sels +... =@ Y X (CH; g0 3Ng ;) + 8 CO, + A H,0 + & Spores + & Endotoxine +

Energie...
1,20 Sterilisation Sterilisation + Btk LIP culture
] @ Insoluble fraction
@ Soluble fracti ;
—00 dm = = = - oluble fraction » A fermentable fraction when

Concentration [gdm/gdm WB]

] granulometryN
I
0,80 | .
] » If YX/s = 0.5 fermentable fraction ~
060 1 | Starch
] => Class 2 : 32.3%
0,40 => Class 3:36.1%
" =>» Class 4:51.1%
] [Starch]=0.173, 0.144 & 0.347 gdm/gdmWSB for
0.20 T classes 2, 3 & 4 respectively
0,00 -

» Partial consumption of lignocellulosic
500-850um  250-500pum <250um 500-850pm  250-500pm <250pm fraction

i
I

Granulometry and conditions

21



3.6. How does the medium elemental composition evolve?

50 T I T 25
 Class 2
|
: [ » Permeate: Biomass production
a0 + : - 20
eoluble : 3 > Insoluble fraction: substrate proteins
u = o
fraction z : - & consumption
(substrate) %30 T : - 15 ¢
= .EE L] L] o L]
g : g > N: limiting nutrient
o [
| S
Permeate 3 I S
o 20 + - 10 T - 5 .
(cells. spores. & ! g » N disponible ~45% N accessible
endotoxins) - I &
I =
= .
y | . > Class 3: same behaviour
I
! _
. b 5 5
. : _ :':nr o » Class 4: No separation insoluble
J 2,67 | || @ Oxygen .
. | R | mitrogen fraction/permeate
sterilised medium culture ! sterilised medium I [ Hydrogen
Insoluble fraction Permeate fraction M Ashes

22



3.7. C/N ratio: indicator of the process evolution in flask?

50 —

40

w
o
|

C/N ratio, [/]

N
o

10 +

* %

* %k

@ Before - Pellet
@ Before - Supernatant
O After - Pellet

@ After - Supernatant

Class 2
Substrate

» C/N is a reliable indicator I

to interpret the process
evolution & phases of
culture
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3.8. Monitoring of culture biokinetics through elemental composition
analysis in bioreactor

Permeate Insoluble fraction
60,00 10,00

C -0 9,00
50,00 o T - N H 800 =
s TR “ g
< 7,00 3
240,00 ¢ R — x
® 9 g o T eyl T 600 €
r e TETTAm T R
830,00 _ " 500 £
& Stationnary phase }

_________________________________ -

c Growthphase _:--——~"~ T 4,00 c
520,00 200 B
T oo ’ ©
S  meew =
10,00 200 =

1,00

0,00 0,00

0 10 20 30 40 50

Time (Hours)

> Same behaviour between flask and bioreactor.
» Biokinetics: 0-12h: growth phase then 20/25- 48h: stationnary phase



I 4. Conclusion and perspectives
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» WB elemental composition: no evolution between classes
» Fermentable fraction: starch & lignocellulosic fraction

» N: culture limiting nutrient

» Residual N: Physically non accessible

» C/N ratio: reliable indicator of culture phases & bioperformances (flask
& bioreactor scale)

Determination of chemical limitations = optimisation of biopesticide
production in a low cost WB medium at large scale



5. Highlights & perspectives

Study WB physical characteristics (morpho-granulometry,
rheometry, settling speed)

Define an appropriate mathemetical model in order to better
describe bioperformances & optimise 6- endotoxin production
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