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Scientific context



1.1. IPM-4-Citrus (MSCA RISE, No. 734921, 2017-2023)
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1.2. Bacillus thuringiensis kurstaki (Btk)

Bacillus thuringiensis kurstaki

(LIP, HD1, BLB1)
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1.3. Wheat bran (WB) structure & chemical composition

Mean composition of Wheat Bran (WB)

S AN e (Hell et al., 2016, Sapirstein et al, 2016, Stoffel et al., 2019)
S ’ ”l:’r’l‘:‘r":;;';':}o Component Contentin WB
. Tubeand (ew/w)
s Polysaccharides |Reserve sugars 15-45
: e e - Oligosaccharides 3,7
L usdlbr - Starch 13-40
Fibres (structure) 35,7-62,3
- Cellulose 6,5-11
- Hemicellulose 20,8-33
- Lignin 9,8-16
Proteins 13,2-21,1
Wheat Bran Kernel structure Ashes/Minerals 228
(Balandran et al, 2015)
Water 9-12




1.4. Background

Sieving of WB into 4 classes
: class 1 (>850 um), class 2

WB: good medium Effective low cost Btk crystal (500-850 um), class 3 (250-
for Bt crystals . production in cheap WB 500 um) & class 4 (<250
. . based medium compared to um).
prOdUCtlon (DEVI et semi synthetic medium Optimal Btk growth &
al, 2005) (Mounsef et al, 2014) crystal production in class 2,

([WB]=73.6 g/L), 248 rpm
(Abboud et al, 2017)




1.4. Main Scientific Questions

Does the differ between one class
and another?

Do the and the inform us
about the progress of the culture, the limiting nutrients and
fermentable fraction?

In terms of approach, are the limiting components in
bioreactor culture, the same as in flask culture?

Can the elemental composition help us interpreting the 3
& in bioreactor?



Materials & Methods




2. Materials & Methods

Substrate | Suspension : Sample
Raw WB I HT without culture: Flask, Bioreactor Insoluble fraction
Class 1 (>850 um):<1% I HT+culture: : (substrate)

Class 2 (500-850 im):19.8% oy Flack (24h, 30°C, [WB]= 73.6 g/L, 250 rpm)

E:ass i ggg:oo ??)852%)/4% l Bioreactor (48h, 30°C, [WB]=73.6 g/L, pH7.5, | Permeate (cells, spores,
358 Hm) -2e.27% | pO,> 25%) I endotoxins)
I |
CFU (not shown) Dry matter (gravimetry), Ashes (gravimetry)
Spores (not shown) Starch: Colorimetry (1,/KI), Nitrogen (Kjeldahl)
Endotoxins CHONS (Combustion Flash + GC)

!

Determination of mass balance (soluble/insoluble fraction),
Studying the elemental composition of WB before and after culture




Results & Discussion
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3.1. Endotoxins production in WB vs Semi-synthetic medium (SSM)

Btk endotoxins yield in mg/mL

Culture in bioreactor Culture in flasks
Btk SSM WB Raw WB WB WB
Stralns Sarrafzadeh et al, 2005 Rahbani et al, 2015 CIaSS 2 CIaSS 3 ClaSS 4
HD1 0,7 0,43 / / /
BLB1 0,73 0,63 / / /
Lip 0,19 0,43 0,549 0,547 0,432
+0,117 +0,071 +0,062

» Btk Lip: Higher yield in WB vs SSM
» Btk Lip bioperformances > onclass 2 & 3



3.2. Raw and sieved WB composition

Water Protein .
Mass Starch ) Elemental Composition [%w/w]
content Kjeldahl
Size D [4,3] [g water [g eq.protein
Class [%w/w] [g/gdm] C H o N S Ash
(um) | (um) [ [gdm] | 'B/8 /gdm]
0,119 0,207 0,138 44,79 6,74 36,53 2,50 4,43
598'5 1 7’ ’ '_" , 7’ 7’ 7’ 7’ , 7’
Raw 00 +0,07 +0,008 0,012 40,44 10,20 +0,37 10,24 0,00 0,12
2 500-850| 865,4 19,80 0,116 0,173 0,145 ig'i; +60'5102 43-(5)'?12 +20'6203 0,00 +3(57102
’ ’ +0,04 +0,35 +0,012 - 7 - 7 ’ 7
0,116 0,144 0,127 45,34 6,46 37,89 2,48 4,28
- 531,1 ) ,
3 250-500 >141 10,04 11,35 0,014 10,08 10,04 10,44 10,04 0,00 +0,12
0,116 0,347 0,155 42,40 6,61 34,60 2,61 3,23
<2 2753 | 28,2 ’ ’ ’ ’ ' ' ! ) '
4 >0 8,20 +0,04 +0,47 +0,016 +0,04 | 0,12 | 0,37 | 0,24 0,00 +0,12

» WB granulometry = J effect on elemental composition
» WB molar formula (mol/C_mol): CH, 7,00 53Ng 04

» WB massic formula (g/g_C): CHg 14,00 71Ng 0sAshg 4

» Class 4: highest starch [ ]



3.3. Btk elemental composition

Btk Strains c H 0 N S Ashes > Btk strains: identical elemental
(%w/w) (%w/w) (%w/w) | (%w/w) | (%w/w) (%w/w) composition
Lip 43,37 6,22 24,84 10,48 0, 00 7
BLB1 +?)5(')Z;7 f66019 ig,:g +1006‘3111 0, 00 6,7 > Molar formula of the strain
— — — — (mol/C_mol):CH, ,,0, 44N, 1
HD1 44,65 6,42 26,56 11,23 0 00 NA ’ ’ ’
0,3 0,072 0,68 0,068 ' » Massic formula of the strain (g/g_C):
Mean 44,82 6,46 26,35 10,79 0 00 6,8 CH...O...N.. Ash
value +0,98 +0,17 +1 +0,4 ’ +0,17 0,14™0,59770,247777°0,15
Chemical Molar
1 [+)
Strain Elements (%m/m) formula Mass
Ashes C H 0 N (Cmol) (g/mol)
Bt spp. kurstaki (MSc) 6,80 44,82 6,46 | 26,35 | 10,79 CH1.7200_44N0.21 25,52 > Btk: elemental Composition
Lactobacillus helveticus | 9,03 | 47,54 |6,25| 24,39 | 12,79 | CH, 550039Ng 23 25,26 close to Bacillus cereus
(Popovic et al, 2019)
Flavobacterium
Dehydrogenans 13,5 45,16 |6,15| 24,29 | 10,87 | CH,¢30040Ng 21 26,60
Escherichia coli 11,3 47,83 [6,95| 21,65 | 12,3 | CH;740034Ng,» 25,11
Bacillus cereus 9,98 | 46,05 [573] 26,26 | 11,98 | CHy490043Ng2 26,08




3.4. Btk vs WB, Elemental composition

Mass composition, [%]

50

40

w
o

N
o

=
o

Carbon

B Substrate

Hl Strain

Hydrogen

Btk strain (LIP, BLB1 and HD1):

Mass (g/g_C): CHy,1400,55Np,24AShy 15

Molar (mol/C_mol): CH, 7,0, 4,N, 21Ash, ¢
Substrate (WB):

Mass (g/8_C): CHy,1400,7:No 05Asho 1
Molar (mol/C_mol): CH, 7,0, 53Ng g4Ash,

0,00 0,00

Sulfur
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Ash

Strains are more rich in
Nitrogen and less in
Oxygen than WB

WB is the only source
of Nitrogen during Btk
culture



3.5.What is the fermentable fraction over classes?

Substrat + Oxygéne + Azote + Oligo + ... =» Biomasse + CO2 + produits (Spore, endotoxine) + eau + énergie
1/6 CgH1,06 + 0 O, + B NH; + Sels +... = Y, X (CH; g0g 3Ng ;) + 8 CO, + A H,0 + £ Spores + & Endotoxine +
Energie...

1,20 _ stel '||'|sa|:'|un Sterilisatinn + Btk LIE cultu[ﬂ

@ Insoluble fraction

» A fermentable
i Soluble fraction fraction when

- - - -r granulometryN

> IfYx/s=0.5
fermentable fraction ~
Starch

=> Class 2 :32,3%

=>» Class 3 :36,1%

=>» Class 4 :51,1%

» Partial consumption of

- L lignocellulosic fraction

oo 500-850um  250-500pm  <250pm  500-850pm  250-500um  <250um ([Starch]=0.173
" ’ : g g . gdm/gdmWB)

|
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*
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3.6. How does the medium elemental composition evolve?

Insoluble
fraction
(substrate)

Permeate
(cells, spores,
endotoxins)

Carbon, Oxygen [*wfw]
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3.7. C/N ratio: indicator of the process evolution in flask?

50
@ Before - Pellet
40 + . @ Before - Supernatant
O After - Pellet
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3.8. Monitoring of culture biokinetics through elemental composition analysis in bioreactor

60,00 10,00

=C 0 9,00
50,00 S =L " 800 =
g T <
< . 7,00 3
240,00 ¢ - e _g------ S == R )
X Rt CEE LS by L S TE-Al_ T, 600 €
c sl x g’n
Q =g =)
8930,00 - 500 =2
X Stationnary phase <
c B it B T B it = 400 T
gzo 00 Growth phase _:--—"% ’ c
e @
27 e 3,00 @
© =" -
4] - £

2,00
10,00 =

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, 20- 48h: stationnary phase followed by sporulation phase



Conclusion & Perspectives
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4.1. Highlights & perspectives

WB : between classes
fraction: & lignocellulosic fraction
N: culture
N: Physically

of culture phases & bioperformances (flask &
bioreactor scale)

Determination of chemical limitations 2> optimisation of biopesticide
production in a low cost WB medium at large scale



4.1. Highlights & perspectives

Perspectives:

Study WB (morpho-granulometry, rheometry,
settling speed)
Define an appropriate in order to better describe
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5. CHONS analysis method
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Areafor Carbon and Hydrogen [time x AB]

5. CHONS calibration curves
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8. DM and ashes analysis method
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