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(1) Jens L. et al., J. Food Microbiol., 170, 55-60(2014), (2) de la Torre I. et al., Biotechnol. Bioprocess Eng., 102, 10511-10521(2018),
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Vitamin, 0.14% R ~ .
ramin Vv TR D DS SR (A —h—DZAZRIFI0B ) K id)
Fat 1.32% Unknown; 5 : oz
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RNA, 4.00% v D ERFE LR VT - STf(AshiRE) B —ZEY
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(1)Sengupta N. et al., (https://www.thermofisher.com/document-connect/document-connect.html?url=https://assets.thermofisher.com/TFS-Assets %2FBPD%2F posters%2F chemically-defined-medium-e-
coli-poster.pdf, BIEEH: 20224-28), (2)Vieira et al., J. Food Compost. Anal., 52, 44-51(2016)
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Table 53 HT X R A5

HER DT —IN—2A E 2% palijy

Analytical apparatuses Component

Adenine, Adenosine, Ascorbic acid, Citric acid, Cytosine, D-fructose, D-galactose, D-mannose, D-xylose, Fumaric acid, Gamma-aminobutyric acid,

GC-MS/MS Glucose, Glycerol, Isocitric acid, L-lactic acid, Orithine, Malic acid, Maltose, Myo-inositol, Oxalic acid, Phosphoric acid, Putrescine, Sorbitol, Succinic
acid, Sucrose, Thymine, Trehalose, Tryp, Uracil, Urea, Xanthine

LC-MS Biotin, Niacin, Pantothenic acid, Thiamine, Riboflavin
Ala, Arg, Asp, Cystine, Glu, Gly, His, lle, Leu, Lys, Met, Phe, Pro, Ser, Thr, Tyr, Val, Trp, Asn, (GIn, O-phosphoserine, Taurine, O-phosphoethanolamine,

PCD-HPLC Hydroxyproline, Sarcosine, Citruline, 2-aminobutyric acid, Cystathionine, Beta-alanine, 3-aminobutyric acid, 4-aminobutyric acid, 3-methylhistidine, 1-
methylhistidine, Carnosine, Anserine, Hydroxylysine, Ornithine)

ICP-MS B, Na, Mg, Al, Si, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Rb, Sr, Mo, Cd, Pb

IC F- Cl.NO,, Br, NO., SO,% NH,*
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NPAAs, 0.39%

Nucleic acids, 1.46%
Vitamins, 0.03%

Sugars and sugar
alcohols, 3.76%

Minerals,
49.35% (NaCl,
39.92%)

PAAs, 44.72%

Organic acids, 0.29%
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Table % 1 ith & CDM-LB-TAA & D& & Lt
1 ith EELE (%)  EIETEELE(%)
CDM-LB-TAA 100 100
w/o PAAs (2 /N7 BT = / BR) 36.8 22.8
w/o NPAAs (FES /R BT = / ) 08.7 106
w/o Nucleic acids 88.9 89.0
w/o Sugars and sugar alcohols 61.7 70.2
w/o Organic acids 105 108
w/o Vitamins 95.2 97.0
w/o Minerals 21.6 7.00

NPAAs, Organic acids, VitaminsZ &L\ T
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One factor at a time
(OFAT)

= One-by-one method

Statistical method
(PBD, CCD, RSM)
often published

Our method
Deep learning supported
(OA - DL - BO/GA)

Rz RFERARE

HEFEEY - ERARATHMFER

} ' Al - DB AR
€ Vg E

- BREROREEKIEZE

DXIc & B3hs{b EETHEOMAIC & 2ER

FPLIYX L

s N ZR=T"y |l

B fths - B OREL EESBE T NA X @b BB YA

MO AIE R DER = ZHADB BEHT7LTY XL

(FL—FU—=4—)

Experiment ) Experiment ) Experiment ) Experiment ) Experiment Experiment>

- SRERMISRDBSETREEODHIDTES,
« HABETOHEFRAZEETEIR = BEOSEMEICIZEN DN

Abbr.:

PBD (Factor reduction) >

CCD-RSM (Optimize 3-4 factors) > - == PBD,Placket-Burman Design;

CCD, Central Composite Design
RSM, Response Surface

Experiment\ Calc.} Experiment Calc.> Validation >

SEMEETIRSEFRENIRR = EFNECRELOENIEL DN BE

Singh et al., Front. Microbiol. 7, Article 2087 (2017)

OA-DL-BO/GA (Optimize all factors) > Abbr.: OA, orthogonal array; DL, deep learning; BO,

Bayesian optimization; GA, genetic algorithms
Learning Calc. > Validation >

« E2TONDO—FZB(LH CI6E
« M-S ORFERIEZ5EHE

Yoshida et al. J. Biosci. Bioeng. 135: 127-133 (2023)
Kobayashi et al. Biosci. Biotech. Biochem. 87: 1068 - 1076 (2023)
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OFAT PBD/RSM Gradient boosting decision tree DNN-BO/DNN-GA
BE{ETEBEFE 1 3-4 <31 <31
EFEItE E{EB X A (@) @)
WHESEERE(H) TKHEESH x B F ¥ 125 (PDB)+ 232x3~AEMHF(FB)+  64~81x3~AFEMH(FEB)+
(RSM)+ 2 X% 2(#%3IE) 32~64x 35 (1R5IE)
IR EER
AN=Tyh X A (@) ©
FAEE - @) © @)
1B kS © O A A
BEAFIA B % o = ch
(RBEIFERICA/INIER)
RIE{LETEE 1 10,000,000 900
SE ik (1) (2) (3, 4)
1) Singh et al., Front. Microbiol. 7, Article 2087 (2017 . TR [~ A SE—l— I RVEBRE D DREIC
523 Hasghizume et al. NPJ Syst. Biol. Appl. 9: 20 (2(023) ) (;ﬁ}?;:; ?#"gga Mavta-9 <E RIS R Z PR 3R B HE

(3) Yoshida et al. J. Biosci. Bioeng. 135: 127-133 (2023)
(4) Kobayashi et al. Biosci. Biotech. Biochem. 87: 1068-1076 (2023)
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New pipeline for proporsing medium composition based on multipul deep neural network models and optimization algorithms with small dataset

i) For machine leaning model building il ) For selecting representative models iii ) For callculating optimal rr]edium com_p_ositions and iv ) For experimental validations
by the sensitivity responses and k-means clustering selecting the representative compositions

TR EBEICIS ATV,

' For number of re tive model
led DNN models Validation cultivation
ﬂdElS LHS-models) in deepwell
- l The etof DN propoced meda
64 x 3 conditions For 50 times {for OA datasect and LHS dafasc)
@ﬁl@ V) g

( Mﬂnmwmia)'
Cls‘he ed pooled DNN model

Deepwell cultivation
for training dataset

e
|
I

e5

| H | ) !
' Il H proposed media (3 medi DN propesed media edia)
Pooled DNN models (50 models each dataset) LN N N . ._@"_" ______ EDEETE) _)_ ) el @ meda ) )

E—— 50E7 V56 €7 IV EiRIR

900FEMADIFHH 5541 DRI

AIBE(CLDHRBZ YV INIE EFiﬁiﬂJ(D Ll
FLEERC LD 7O EEAE E ARSI ORIE(L (2022FEEFEZSHATTENIAK)
JURE(BEFR EEMZELR) Ot £ EE O &Eb2)
A EEREHC L DHAEEE RS OsE{L (NEDO PJ)
(1) Watanabe K. (2024) J. Biosci. Bioeng. (accepted)
(2) Konishi M. (2024) J. Biosci. Bioeng. (accepted) 45
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Escherichia coli BL21(DE3)pLysS/pRSET-emGFP
Deepwell cultivation (1 mL)
0 1,200 rpm, 37°C
%QCJ @(& <§§ 5 GFP detection: Plate reader (Varioskan, Thermo)
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Bacto™ CD Supreme Fermentation Production Medium (Thermofisher)
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