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Micrabial mediumieptimization Using lab-automation and machine learning
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Python (Tensorflow, Deap)
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New pipeline for proporsing medium composition based on multiple deep neural network models and optimization algorithms with small dataset
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One factor at a time

Experiment ) Experiment 4 Experiment ) Experiment ) Experiment Experiment>

(OFAT) : : : o iii ) For calculating optimal medium compositions and iv ) For experimental validations
. . . . i ) For machine leaning model buildin ii ) For selecting representative models ! ! P
= Oneby—one method ¢ ; Eﬁ E/‘J L: ﬁ% &b 5 F}f —(‘\ (ri H% FEﬁ 75\; 7’3‘ 7‘)3 U _d_ % 5 o oo ) g g bg( the sens|t|v?ty r%sponses and k-means clustering selecting the representative compositions
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For 50 times Pooled DNN models bt Wi
Abbr.: " (OA-models, LHS-models) N 0 Gl
. PBD, Placket - Burman Design; |
Statistical method PBD (Factor reduction) CCD-RSM (Optimize 3-4 factors) see D, Central Composite D gi n
CCD, Central Composite Desig
(PBD,CCD,RSM) _ N _ . RSM, Response Surface Methodology
Experiment Calc.} Experiment Calc.> Validation > S
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Validation cultivation
in STR

o Abbr: OA, orthogonal array; DL, deep learning; BO, Bayesian &  Dateset
Our methOd OA'DL'BO/GA (Opt|m|ze a” faCtOFS) > Optimization; GA’ genetic a|gorithms B NN ol
Deep learning supported : . if
p g pp Learn | ng > CaIC Val |dat|0n > B B - Medium composition

(OA'DL'BO/GA) es Experiment
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N— % )bmﬁaﬁﬁﬁﬂlﬁ % AokE Kobayashi et al. Biosci. Biotech. Biochem. 87: 1068 - 1076 (2023) Pooled DN models (60 ddllldt sef) . ! | (DN proposed media (3 media) ) | (NN proposed media (Smediz) )™ | [TRRIN]
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j U * » 60 g / L(O D600 — 260) at 2 2 h | Table. Summary of cultivation datfl and the reference. ' Runs Runll Runl2 Runl3 Ref 1 Ref.2
XV 80 g ( VO 1 [ L] ) This study Keifer et al. 2021(*)

Species L. starkeyi - - - -«

1 CI:J 25 Carbon source Glucose Bio-based lignocellulosic acetate .
o . Strain Smart cell - NBRC 10381 NBRCI10381 ATCC 56304
E Cultivation type Constant Batch pH-coupled feed 2 step Fed t B B B Pul Pul
" feed? C/N feeding ratio © yp © XPp- Xp- XPp. uise uise
T i s 0 s End time 120 96 102 120 255
= 8() 20 Tank size (L) 5 - ” - — - Ir}ltlal Vol. UV;LI. ol 1 1 1 1 5
2 . Initial volume (L) { - 10 - . Final Vol [L] 2.66 1.87 1.89 1.35 4.5
_E":, E Process time (h) ” » 256 279 228 289 Consumed Sugar [g:] 829.2 533.6 576.5 450 1060.7
Py 50 15 S Biomass (g/L) 60 28 177 698 465 802 P[g/L]  Sugar->sugar 68.1 70.1 46.6 35 38
2 S etnean s4 - ND ND NDND PVlgl 181.1 131.4 81.1 47225 179.9
— Iﬁ Final Volume (L) 1.4 1 12 15.4 142 148 Oil prOdUCthlty 36.2 32.7 19.8 9.45 3.36
E — Max biomass produced (g) 84 28 212.4 1075 660 1186 [g/ L-initial/ d]
:’-‘- A0 10 E Adjusted Max. biomass (g/Lin) 84 28 2124 1075 660 119 Yp/s [8 Lipias/ &-Gic] 0.22 0.24 0.14 0.11 0.17
> o) Carbons source consumed (g) 205 80 661 35109 18803 3366.6 X[gpew/'L] 101.3 114.2 119.6 67.5 62
“.: m Yx/s (g-DCW/g-carbon sources) 0.41 0.35 0.321 0.306 0.351 0.353 XV[g_DCW] 269- 1 213-9 226.4 91 . 13 296.6
% :10.370 h-1 [ Specific growth rate (/h) 0.37 0.346 036 038 038 039 Cell productivity 53.8 53.5 533 18.2 5.58
= 2 . E; 5 Volumetric productivity (¢/L/d) 91.6 30.5 199 925 695 986 [2 pew/Loiniia/d]
o \ ND indicates no data. Yoo [gpew/€ae] 032 0.36 0.39 0.20 0.28
E v “'D 2500 g/L of glucose was fed at 56.8 ml/h of the feeding rate. 14% ammonia was used as pH adjuster. Oil content [%, w/ W] 67.2 61.4 37.1 51.8 60.6
"ﬁ b The C/N ratios were set at 10 during 10 to 22 h and 15 during after 22 h. References This study «— «— 1 2
0 © U * Keifer, D., Tadele, L. R., Lil ge, L., Hankel, M., and Hasman, R . (2022) High-level recombinant
U 5 1 D 1 5 20 25 protein production with Corynebacterium glutamicum using acetate as carbon source, Microbial 1. AmzaR. A., Kahar A., Juanssilfero A., Miyamoto N., Otuska H., Kihira C., Ogino C. Kondo A. (2019) High cell density cultivation of
Biotechnol. 15. 27442757 Lipomyces starkeyi for achieving highly efficient lipid production form sugar under low C/N ratio. Biochem. Eng . J. 149, 107236.
TimE {h) Y ' 2. Probst K.V., Vadlani P.V. (2017) Single cell oil production by Lypomyces starkeyi: Biphasic fed-batch fermentation strategy providing

glucose for growth and xylose for oil production. Biochem. Eng. J. 121, 49-58.
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