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Databases, knowledge bases, and large models for biomanufacturing

MAO Zhitao"**, LIAO Xiaoping"?, MA Hongwu!*

1 Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China
2 National Center of Technology Innovation for Synthetic Biology, Tianjin 300308, China

Abstract: Biomanufacturing is an advanced manufacturing method that integrates biology,
chemistry, and engineering. It utilizes renewable biomass and biological organisms as production
media to scale up the production of target products through fermentation. Compared with
petrochemical routes, biomanufacturing offers significant advantages in reducing CO2 emissions,
lowering energy consumption, and cutting costs. With the development of systems biology and
synthetic biology and the accumulation of bioinformatics data, the integration of information
technologies such as artificial intelligence, large models, and high-performance computing with
biotechnology is propelling biomanufacturing into a data-driven era. This paper reviews the latest
research progress on databases, knowledge bases, and large language models for biomanufacturing.
It explores the development directions, challenges, and emerging technical methods in this field,

aiming to provide guidance and inspiration for scientific research in related areas.
Keywords: biomanufacturing; data-driven; databases; knowledge bases; large models

AW i — MR RS ROR, RS T
W AE TR S 2 REOR . BRI
FHAE R O JEORE A A W AR O A 7 Ay
BT, GEG AN ARG VR, PR AL
Az EAR P R 3 —HOR RS | AOR
AR YRR AR, IRV BiER Sk M. LA 1,3-N T
WER) APy ], SESR AL,
CO, fFU L 63%, BEFEREAR 30%, JBURHSA
TR 37% . P, AR W A AT i
IR R A AT IRt B e REAE e G e R
i T2 BR 2 LA K 92 9 — AR 1 RO Tl Ak
F 7 T AT % P

APyl EAEREIR . AL BRZGFIA NS
U B TOAS SR, B 51 B IR Tl
FarTRE E R BEE S MY FE N g
AR R BORRY RS, A BRAE Yyl 3k
WIE R BRI KRS . a5 kR
41(Organisation for Economic Co-operation and
Development, OECD)Fitilll, %I 20304, #935%

http://journals.im.ac.cn/cjben

R s R = o (B B AR T 2 S E [ D42 57 K 5.3
A, FREHERT K 30 TT423ETER . TEAEYI AT
e, AW L B ST 39%, HAEARE
AP 10-25 42 ¢ “RARBRHRL, AR BERY
ZPFRIRFRGE S . T AP 3 BOR 1
WYL R, AR BUR AR U
@i A - S IR S N S AL H AR Y
GRS Y AV 2 AV 1 = N AN b2 EE
Eok, PARKRESF A, IERFZERABEIC
FOUTF A Wy i AR OGP A 25 ) )
T REMBL L R I SCHEAL 2 b A BT
K, BB HARRE 2B

AR, BEE RGUEY) RIS A
RHEE R, URAYREENH HEE, [FR
PRGN TR E . RIS ) M PR RT3
FIEME S A YA E RS . XRREE NAEY)
RGBTk T A i EEHE BN s 15 52
R, HESIA MR REA T LB IR Eh AR 55
B o AR SO [l A Pyl i oo A . R



ETHE F | AREYHENRIEE. MIRESKER

PERIRBERI A BT R, 0B 2 i B0 & JRe
BRNBARPRE, AU EAT A, DUy
Il PRI T AR SR SRR

1T A R

APy A — MR R g A, H
OTE TR A7 R, i A P R s 2
W AT R B A Tl AR e X1
TR ISR HE YN 4 | Z R A= DAL
VA RORS 20 B0 LR W 0 R o 45 o A ) ) s 40 19
PR & i ok 1R SV RGPk Bl OF
FERTTRARIEARIEA, KA AR AR 2

*®1 EYHEHEXHRERE
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Type Name Description

Reference

Gene GenBank

A widely used public gene sequence database containing gene sequences and [6]

annotations from various organisms, one of the largest gene repositories in the world

Ensembl

Provides genome sequences, detailed gene annotations, and functional [7]

information for various species, supporting gene function analysis and

comparative genomics studies
Integrates protein data from various experimental techniques and research [8]

Protein ProteomicsDB

projects, including mass spectrometry data, protein expression levels, and protein

modification information
PRIDE

A proteomics data repository that collects and stores protein and peptide [9]

identification data from mass spectrometry experiments, supporting data

submission, sharing, and re-analysis

PaxDb

903

PeptideAtlas

PDB

Metabolite ChEBI

PubChem

MetaboLights

A database that integrates protein abundance information across multiple species,
providing quantitative proteomics data covering different tissues and cell types,
supporting comparative analysis of protein abundance

A proteomics database that integrates global mass spectrometry experiment data,
providing detailed peptide identification and annotation information, supporting
protein sequence coverage and expression level analysis

A database that stores 3D structural data of proteins and other biological
macromolecules, providing high-resolution molecular structure information

A database of biologically relevant chemical entities, offering detailed
information on chemical structures, names, and annotations, useful for the
classification and annotation of metabolites

An open chemical database containing information on millions of chemical
substances, providing detailed chemical structure and functional annotations for
metabolites

A metabolomics data repository that provides structural, annotation, and
experimental data for metabolites, supporting metabolite identification and
pathway analysis

[10]

[11]

[14]

[15]
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g 1
Type Name Description Reference
Reaction KEGG A comprehensive bioinformatics resource containing information on genomes, [16]
metabolic pathways, and biological systems
MetaCyc A comprehensive database of metabolic pathways and enzyme-catalyzed [17]
reactions, covering metabolic information from multiple organisms, including
data on known metabolic pathways, enzymes, compounds, and reactions
BRENDA A database that details enzyme and enzyme-catalyzed reaction information, [18]
providing data on enzyme classification, function, kinetic parameters, substrates,
and products
SMPDB A database specializing in detailed information on small-molecule metabolic [19]

pathways, disease metabolism, drug action, and drug metabolism
WikiPathways An open-access database focused on integrating and displaying information on [20]
metabolic pathways, enzymes, compounds, and related reactions for various

organisms
Biological MetaNetX A platform for integrating and managing metabolic network and biochemical [21]
netwok reaction information from multiple biological databases, supporting cross-species

model reconstruction and pathway analysis

BiGG Models A comprehensive database providing metabolic network models for various [22]
organisms, supporting pathway analysis and systems biology research

BioModels A database of metabolic network models, encompassing mathematical models of [23]
multiple biological systems, aiming to promote systems biology research and
model sharing and reuse

STRING A comprehensive database providing known and predicted protein-protein [24]
interaction information, covering multiple species

STITCH A database integrating information on compound-protein interactions, combining [25]
experimental data and computational predictions, aiming to facilitate drug
discovery and biochemical research

RegulonDB A database focused on the gene regulatory network of Escherichia coli, providing [26]
information on genes, regulatory factors, and their interactions to support gene
expression and metabolic regulation studies

YEASTRACT+ An extended yeast gene regulatory database, integrating detailed information on  [27]
transcription factors, binding sites, and their target genes, supporting
transcriptional regulation and gene expression research

CoryneRegNet A database focused on the gene regulatory network of Corynebacterium [28]
glutamicum, providing detailed information on regulatory interactions
Fermentation SABIO-RK A biochemical reaction kinetics database that collects kinetic parameters and [29]
process related information on enzyme-catalyzed reactions from published scientific

literature. It covers data across different organisms, tissues, cell types, and
experimental conditions, making it highly valuable for modeling and simulating
bioprocess fermentation

BacDive A metadatabase of bacterial and archaeal diversity, providing information on [30]
microbial strains such as taxonomy, physiological and biochemical characteristics,
ecological environments, and culture conditions. It holds significant importance for
strain selection and research in biological fermentation processes

FermFooDb A manually curated database of bioactive peptides derived from various foods, [31]
retaining comprehensive information about peptides and fermentation processes.
It is suitable for bioactive peptide research and fermented food development

http://journals.im.ac.cn/cjben
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End-to-end data required for biomanufacturing.
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Table 2 Knowledge base related to biomanufacturing

Name Description Reference
Rhea An authoritative knowledge base of biochemical reactions based on the ChEBI chemical [42]
ontology (biochemical entities). It provides detailed, manually curated information on
enzymatic and non-enzymatic reactions, including reaction equations, reactants, products, and
their equilibrium states
Reactome Provides molecular details of signaling, transport, DNA replication, metabolism, and other [43]

cellular processes, presented as an ordered network of molecular transformations. It offers

high-quality, downloadable individual reaction diagrams and an overview of all content. The

stored information resources have high interoperability with different databases

Gene Ontology A comprehensive knowledge base of gene ontology, covering the functions of genes and their ~ [44]

products (proteins and non-coding RNAs). All GO resources are dynamic (ontology,

annotations, GO-CAM, external ontology links, etc.) and updated monthly

UniProt

A comprehensive protein knowledge base that provides high-quality protein functional [45]

annotations, detailed sequence information, and cross-database links

iModulonDB

A knowledge base of prokaryotic transcriptional regulation computed using ICA from [46]

high-quality transcriptome datasets. Users can select an organism from the homepage and then

search or browse the curated iModulons that comprise its transcriptome. Each iModulon and

gene has its own interactive panel, with clickable, hoverable, and downloadable graphs and

tables
KBase

The US Department of Energy’s systems biology knowledge base supports the sharing, [47]

integration, and analysis of data on microbes, plants, and their communities. The knowledge

base integrates public and user data on genomes, compounds, and reactions, linking these

diverse data types with a range of analysis features via a web-based user interface

SwissLipids

A knowledge base on lipids and their biology, providing curated information on lipid structures [48]

and metabolism. This knowledge is used to generate a virtual library of feasible lipid structures,

which are organized in a hierarchical classification linking mass spectrometry outputs with all

possible lipid structures, metabolic reactions, and enzymes
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Pph ST AT 52 2% B S RE T AN G HK 43 By o
GO T #4545 Hk R Rk Hidl Fn At A= 5 B
T HA BRI T S A2 ) S RE T A OCHR 4347, 3%
{45 LT T BN i T i IR ) R s A AE — 2 1Y)
JaFRAE . LYK, UniProt /£ R 8 F1 BT AR B Ho0
WA, #& THEARMFI . hie. 45, T
20 A7 RORH B A S A R, i DR a0 v o
] FEPEM]) SR, UniProt AYHEFERE J7 322K
T PR A A E A BRI b, k= A 3
KIGH AR . &5, iModulonDB &—1~
B G T S I B T, AR PR 4
e A0, REEIRES, APk
I, (BRI RE I ARAR A PR, 2
W T A B OB R B, e AT RUR
S L T R s A A [ 24 28 Ay, (ELME DA ST
IR B4 42 AL T SO A R A 4RO R

B, BRCYRTE R R ARSI 5 &
FAME B ML TS T R kR (HAE A FH1HR
A R BT AT A AR R Tt 25 0]
22 EYHIEFRIRENRIFES S RE

B A ) o i U AN T D, U Y
VERZS IS M R BB AR I RIR AN 5
GHEARALE . AT AERE AR, AT A
S IR MBS A Yy PR . A 4 Sk Y
NTHBEAR, FRAERIE F A (large language
models, LLMs), I 5 68 0% 5T i 2% b Ak #
M ERE, PP IR e Ee,
oy ot 2 00 S8 ) BT B R 5 R S A
220 FREFI5EUFIINNA

W 2 R & s &g W%
(convolutional neural network, CNN)FI1/G 1 # 52
W 4% (recurrent neural network, RNN)ZEZE [ )i
SEF TN B DRy 41 By g 0 COSE G L 4
PG TR FERR ., Kk, REHARMIEEZ
B A= ol 3 157 P P R HEAE T Jm e U A P Bk

http://journals.im.ac.cn/cjben

P AV AE R, TREE 5 S B O A )
AR HE BT AL SR A T S8

5 Ak 2% > (reinforcement learning, RL)H K
TE A= Wy il 3 0 2 RO Ab vh i O A 1 . JE
T AR R R AL L s Ak 2T ) LA Bl R
AWhilE R R TS E, S
e, PEFHE T RCRE T RPN, IS, RL
A DLE i e S B 1 7 2, RR AR B AR )
il BE AR, X0 T S PR AR P R S B B
AEEZ L,
222 FEUEZTEERNLZRED

N T RIHIPFRE, KRR 915
FE A T HAE R T5 10 & e o B s Fh o)
Pr DR A B 6w RO e A R i ge —
FFLTHT , A T RE RS A [A] — BRI R R4 T B b B
G P RHERL, Flan, Cytoscape 1 H—1M4E
I WAL B B A, B
5 BEAR T R MR A% i A0 LD 46 BT 4 I ) A
A, BEMHETE THFRRCEPY, i X R oS
RS, WEFEN O] LA R AR
AR b, ARG B B b PR E AN, X AR
RHbLIE 5 T AT TR 18T RE
223 S5XEBEEERENME

N T RELE AR Wi i b 9 B 28 e B
BRI, Rk — 3ol ik — 25 s .
LLMs, 41 GPT R4, A{LHEHRAE AL A
SRIET , IEREME AL PRI 2 BT AR W)~ SCHR . % R
s LA e Sl s AR AR g A A 5l . LLM n]
A B 8l i 1) 52 A 23 B i B RO SCR 32 4%
HH 2B W) 0 e A R AR e SR g BT, O
RS B R FIR R, 5T BT RS
PR ORI SG A5 B, AT s ik o A

Bz, NTERE, THERESEER, &
Az 0y ) 3 4R P 07 P 44 A 4T ) 32 S 1) € K
MK E . BEETORBAWIED, FR R AT
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HMEREM A E, AEWSAE HORRRIE B BIOE ST
NSEFTR A R BRI K o 38 1 A Wi 5t
JRIRUE (1 3 BHLRE 7 FOBT MR A BLRE ST, AWy
Yt UBCRE 0 ok B 2 SRR S, SRR
AR L AT

3 EMASREN AR

LLMs 5] AbrE & A il vt s 5o 22
AR L JBIHAN T —2HB B . LLMs A
ASUAE Kb 38R 43 A7 6 i AR 0 BN D TR R
FERE ), R H A iR R B RN TR 2 Bk .
X e AU [ N RE 6% 5 B0 A N R TR R 4
B, SCBLEE R ORG o R TN AN A 2% AR A R 1)
B0, DT S 0 R & B A
T AR HHT

T 0 B RIS | B AT 2 A B AR R T A
L, LLMs REf% & EE A s Ak dE 47 k0 U 20
BRI R . AT TR g f
FERE, 30 Sk A Wi 3t 45U S T B R A I F
FEFIN Y )7, B LLMs HAR B AW
FLAE A= Wil vh i o K E— 250 R, ROk
Ayt 3 1) B0 B 1 S A A
3.1 ETXRBRBEHEHIEFIR IR E

BiE A AP . SERA AR (E B
R e e, A W s e B B A R
ANHTEE I . X2 fE BN B R 2 S0k
LRSI R . B RSB R I S 2
FPIE 2 Gy s A i DA ik 6 22 5 45 4 v B
AT RN, R BT A Py i i R R A
SHRHT A OCHE R B, JET LLMs B9 A4 4 i %0
PUIR IR 2 fiff e 3k — ] 1 1) B 23R A%

VAR, JEF LLMs 1Y H2RE 5 AP E R
FEAA SRR T HsR K5 BALHRE 1. X
AP A TR R 608 B R AR K AR E T SO, AR
BRI rh P2 O . SC R A E, R A In)

Z&: 010-64807509

PR TR AR, B, LLMs 74
LR HEAL SCAFE AL A AR E AL B 1 e fb b ie
KHEAE T o T3l AR SO S OB AN URE
BEFE DT, 11 H H AN [R5 B s =R S
—, &5 M R R R A B AN — B )
B FARIEF AL T 2. GPT-4) 1) & J n]
AN 4 5 52 2% T AR T AR AN AR ) S s A
TRAEYITERERSCRIE R, JER T AR AT
B RETE S e R i e A P R PR B T
B A WS T RIS, Db A= Byl
JEIT A B DBTLARFRE, fildn, Xiao 07l ]
GPT-4 MAT S fifk i HIS G B Y SR iR R I T A=
Wy B 25 ARG i A AR PR R O A A
W, UK GPT SRR LML > A4S
&, AT GECE AT .

IEAb, X BRI LLMs M 2350 A SCRik TS
6 Kt Hh S B S5 A AR £ S RT LA AR BUR T K dla
JPEFUAR bR ALt , TR Ab T 12 58 %L
P R AN BT LLMs I8 6E9% B sl 4k 3 5 Al
YIRS R AR, FERE RS L% I S e 45 sk
PSRBT I T IR AR AR A ™ 3 3o X e 7y
3, WEFE B A] LA S T (6 ok BORUR] T 2 A B
IR, A AR AT

B2, BEE BORB AW ZE AL AN 5 1y
¥, LLMs A3 820y A Wy i) it 40 dul Y B 20
Refb T H., SHHEsh B 2= 0 R TR S ety ok B
) Rl BEPEFIAILIE
3.2 ETAERAEYHIEFIRE K

R4 LLMs JE7R T ARMATE & Bk . 4
PR RCRE Ty, B AR 2R U A 5 B A R A
HPVE AT 55 iR g 2 ki . Bilan, ©F
W5tk B], LLMs 76304 2|45 Mk & )10 =
(structured query language, SQL){T:45H )14 RE
FEAZE L FRARL 40%57, 3™ i T 76 m 304 A
AN FH 0 S5 R DR RE B DR X o DR T R Gk 2 Bk
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i, BEFE AN BRI T &R T k. B %G,
Fine-tune H7 /R 7E 8 7 Y11 ZRAsd Y () BL ik |-,
b A E U AT O, (AR Y B8 B 4
b TE IR E AT S5 R R) R, 3% v TR R A R
S S U OB AR B i R0, I R T T
BB [l 24 B R v . SR, GRS LLMs 7] G
T 7= A2 L0 o sl A P 2 s R R T A AN THEAR 1)
M 1o O3 33, 2 Rl R 5 7 A 1 s SR
BZEW RN 2Z— o Az il st 00 v ol 4 R Bk
i\, Bz R B . LR
T OB ) RS A A 0 B LA B AL, XA 2R
SECAI R IR A8 1 R o O AR A 1R N e . HE
K, AR T PR T R AE T T RO
P ] REAR PR AR AT I, Jovk: 58 4l /2 SUEAS
R B3 3K o X B HE A A A5 AR TR X LA PR A
SR ATER BRI O B R A A i 3k 1R
Az R A RCR

R T fREPLX R, Meta AT BFZE ABI5IA
K &R B8 AE jY (retrieval-augmented generation,
RAG)HHIA ,, BEIRAEEN THFEE/RRE A
A RAG 3 o PG BE 7 B Bl SOk S R A &R
FHOGSCRY, JFH S AR BRI, FA
FHSCAS AR il A U 28t o X R 7k mi iR 1
LLMs BESSEmt il fopi i B, 1o i S g
IS, DT A= B T o R ] 4 e gRLes-eo
WAL, FIAR ZE 1R RIS Be AR He i, AT LATE
AN RFHINGREL T, 4040 Fn 5 Tl 25
RIS DA W AR A A 5507081, X BB R i1 LLMs
REAS B S kb AR S0 I e B EL A R,

Bz, 3T Fine-tune fil RAG %47 R4
Wyl 1 KA %, ANALRE A% I X A 4 1] 3 20
B e AR SR PR, IR REAE HE S HOR B
BRI PR R SR T o X SR Ty ) 1Y AN Wk
JEFNN T, Sy A ) i s Sty ofe S 1
JeE 0 R

http://journals.im.ac.cn/cjben

4 K2

Wit 5 A= 40 il s A AR B AS W 25 N T3 B
HORM P A T, e . FRE AR R TR
Az T s TS A Vi R AR OC B Y A . X Rk
TEANUCS A& Rt ok A=A
Gt P4t T om K 3Ky, I ERL RS Tl
o v A PR E SR

AR 1 HE Wy ) s 5 T R R TR 2R B 4
T, RREF A, A URM SN &
A AE) | AR E B AR AR W AR 2 4R
XL E I R AN TR PR RE A Ry AR Wil i T2
Ak . A TR BT AT R R R A R IR S
o TESEBRN Y, B0 B R A AT S
FEE, R EE I AR E Y T S A
3l Ak 1 ST B AR ) BT AR AR v L )
wn, FERFCAL R FR A, R R AT AR i S g
SRR Ie 28, W BT N B e 3 e A
AL 251 o [FIE, 48— e b o AR R 43 A
THPREGWAE R CHE, @ L2 2 Hk,
AT DI A 7 2o A v AR R s R s A T R A
B, S 2 A D0k 5 R 29 S s 1]
o TR Ty o A, TEDN Bk AR A A
FER AL TT R, Ayl E5 s 2 R TR PR R T
Z BB R W AR A, R EFAS
PR R A (0 FH AN L 2 A0 . 3% S 28 H N U B
P (T A AT R, A B TR R A
BRAE Wil 3 i 2841 X A VR 5380 o

AR A il e, 3 TR B AR
WO E A KB )7, LLMs, W3ET RAG FiAR
A RERL, 458 THRERR. BE
BLIRI A BB, RE A RE fb dth b R A2 2= i 2
PIEHR A T2A5 8, SRR AR O g pir Fn
R GRS TR AR T 58 . TR AP AL
AR SR N Y, KR 5 R AT DL 42 1
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R SCHR AN S B0 40000 L A7 B D0 A B DN 2 5K
W B AR AR R Ry 5, W A R SR
T 7E 25 1 45 #4 7L /7 187, AlphaFold3 48 K
RURAS 7 H SR, W s p R R, A
A=Wyl i A A 1 s S REGE A AB SR AL T 5
REEHAE BT AN, 2T Rose TTAFold™”
il DeepAccNet! V4551 7Y 7 412 155 25 71 Jo7 25 44) T
DK J32 RS Ve DEAL 0 T A R R T R R Y
AE, v P BB AR SR T IR SRR 5L
o ARSR AT FE AR rh A 3 T 45 2 RS R A %L
I R AR R, DAV B ANy B
fREPEAS AT BT PR K SRk . gk
BERERY YIS TE T . DU BB S5 R R s 55
AEST, A LA — 20 5 THASERY A4 T500 8 g A0S
16 SN 3 Ra o/ U B i B SR 53 N TR

R 7 Qa7 b B R L e
IR €/ NS AVE R N LRIt E 3 NS S €= N
I e R A P i S R AT SE L BORBHT AT
N EE T HAY- & SRR AR EH
MEsERAE, AR ERGEL. A3k
AR, NSRS 1 R RSk K T
JREAB S B TR o

1E& Tk = ¥
Tk TR SN MRS,

WrHEEBYG B/ WEES . e
Bk Ha. WERS. RHEaBU.

16 A 25 ¢ BT = WA

VR P W B AT A AT BB 22 52 W AR SCHT AR
TAEME AT i sl AR R
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