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and ethanol fermentation, which is of great significance for recycling resources, maintaining the
ecological balance, optimizing the energy structure, alleviating the energy crisis, and promoting the
implementation of the “Carbon Peaking and Carbon Neutrality” strategy. However, such an important
metabolic process has not been involved in the current textbooks and teaching of biochemistry courses,
making the teaching system incomplete. The anaerobic digestion process involves many reactions and
complex metabolic pathways. In order to improve the students’ understanding to this process, we
created a full chart of the whole anaerobic digestion process based on systemic literature review and
integrated it into the classroom teaching through the BOPPPS teaching mode. It was found that the
classroom teaching assisted by this metabolic chart could help students establish the structural
framework of the anaerobic digestion process and enrich the knowledge system of metabolism,
achieving a good teaching effect. This paper introduces the content of the metabolic pathways of
anaerobic digestion and the design of the teaching process, which would facilitate the teaching reforms
and perfection of textbooks for related courses, such as Biochemistry, Environmental Engineering
Microbiology and New Energy Engineering.

Keywords: Biochemistry; anaerobic digestion; metabolic pathway; BOPPPS teaching model; teaching
reform
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Figure 1 Metabolic pathways involved in anaerobic digestion.
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Table 1  Abbreviations, full names, and EC numbers of enzymes involved in anaerobic digestion

Abbreviation Full name in Chinese Full name in English EC number
ACAT R TE A 2T Acetyl-CoA acetyltransferase EC2.3.1.9
ACDH NEBEHIEE A I AU Acyl-CoA dehydrogenase EC 1.3.8.1
ACS LB A A B CO-methylating acetyl-CoA synthase EC2.3.1.169
ADH LT & Alcohol dehydrogenase EC1.1.1.1
AFO T 2K S R ) AR Aldehyde ferredoxin oxidoreductase EC1.2.7.5
AK TR Acetate kinase EC2.7.2.1
ALDH LT A T Acetaldehyde dehydrogenase EC 1.2.1.10
ATK R 1 ity Acetate thiokinase EC6.2.1.1
BCDH T4 A B Butyryl-CoA dehydrogenase EC 1.3.1.86
BK TR Butyrate kinase EC2.7.2.7
CODH — A AL Anaerobic carbon monoxide dehydrogenase EC1.2.74
CRT T I e Crotonase EC 4.2.1.150
ECH NGBS A KA Enoyl-CoA hydratase EC 4.2.1.55
FDH FH 2 5t S Formate dehydrogenase EC1.2.2.1
EC 1.17.98.3
EC1.17.1.9
FFS FH G DU &R A A T Formyltetrahydrofolate synthetase EC6.34.3
FMDH FF Bk FEY 3R 1 g 0 & Formylmethanofuran dehydrogenase EC 1.2.7.12
FMTT FH Bk HY BE K iRg - THMPT N- Formylmethanofuran-THMPT N-formyltransferase ~ EC 2.3.1.101
FH R EL 4 A4 i
FR HIE 5 R R Tl Fumarase EC4.2.12
GDH 3-WAETR T I A Glycerol 3-phosphate dehydrogenase EC1.1.1.8
GK H ik Glycerol kinase EC 2.7.1.30
HBDH 3-BRTEEILAEG A B SUER 3-hydroxybutyryl-CoA dehydrogenase EC 1.1.1.157
HDH D-2-F2 5 % It Sty D-2-hydroxyacid dehydrogenase EC 1.1.1.272
HDR 5 ALY 8 ) Heterodisulfide reductase EC1.8.7.3
LDH FLIR M it Lactate dehydrogenase EC 1.1.1.27
MCD LN RS A DR Methylmalonyl-CoA decarboxylase EC 4.1.1.41
MCM LT A A A8 L Methylmalonyl-CoA mutase EC 5.4.99.2
MCR I ELH G ML i i Methyl-CoM reductase EC2.8.4.1
MDH SRR I Sl Malate dehydrogenase EC 1.1.1.37
MFC U JE THF PR/K fif i Methenyltetrahydrofolate cyclohydrolase EC3.549
MFDH P H L THF i S Methylenetetrahydrofolate dehydrogenase EC 1.5.1.15
MFR WP H & THF i 5 Methylenetetrahydrofolate reductase EC 1.5.1.20
MTC WK H B THMPT K fifg i Methenyltetrahydromethanopterin cyclohydrolase EC 3.5.4.27
MTDH W H 5 THMPT Jit & it Methylenetetrahydromethanopterin dehydrogenase EC 1.5.98.1
MTF H L R Methyltransferase EC 2.1.1.245
MTR 5,10-3. ' & THMPT 38 J5 it 5,10-methylenetetrahydromethanopterin reductase EC 1.5.98.2
(Frgh)
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Abbreviation Full name in Chinese Full name in English EC number
oDC L £ TR R F Tl Oxaloacetate decarboxylase EC4.1.1.112
PAT NELHTE A R Propionyl-CoA transferase EC 2.8.3.1
PCC LA A R ILEG Propionyl-CoA carboxylase EC 6.4.1.3
PDC T T 7 o 22 i Pyruvate decarboxylase EC4.1.1.1
PDH TS T 7 o & g R Pyruvate dehydrogenase complex EC 1.2.1.104
PEPC Tl 12 s T =X N T 72 4R A it Phosphoenolpyruvate carboxylase EC 4.1.1.31
PFL TN R R 24 4 Bt Pyruvate formate lyase EC 2.3.1.54
PK A T T 3 it Pyruvate kinase EC 2.7.1.40
PTA WL 2. oL e Phosphotransacetylase EC2.3.1.8
PTB WRER YL T Wk i Phosphotransbutyrylase EC2.3.1.19
PYC T TR T 2 A i Pyruvate carboxylase EC6.4.1.1
SCS BEHIBR GG A A S Succinyl-CoA synthetase EC 6.2.1.5
SDH B N = Succinate dehydrogenase EC1.3.5.1
TML THMPT S-H B i Tetrahydromethanopterin S-methyltransferase EC2.1.1.86
TPI TR PR A S ) il Triose-phosphate isomerase EC5.3.1.1
TRA 5 il Transaminase EC2.6.1.X
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Table 2 Abbreviations and full names of substances and pathways involved in anaerobic digestion

Abbreviation Full name in Chinese Full name in English

CoFeSP BRI Cobalt iron-sulfur protein

Cytb, Yt & b, Cytochrome b,

DHAP R — I Dihydroxyacetone-phosphate
ED B -# 2 T Rkt Entner-Doudoroff pathway

EMP VEREff A2 Embden-Meyerhof-Parnas pathway
Fd AL EH Ferredoxin

GAP 3-WAEAR - H Glyceraldehyde 3-phosphate
HMP WML B B4R Hexose monophosphate pathway
MFR FH e g Methanofuran

PEP ol 1 0 B =X P9 T P Phosphoenolpyruvate

Pyr PR R Pyruvate

THF DY R Tetrahydrofolate

THMPT DY LS Tetrahydromethanopterin

AR BE R RN Z , M R R
FEPI IR —fEr b T U R N g Bl =4,
IR R B BGER,  [RII I 218 iy
Z=, b AERRIR A R A T R AL B
B, XA R G R A B A,
2.3 PECEME (FErECERiTiE)

PR B L — B B AR TR . T
PR AN FLIR St — LI Ab o LR . TR I R fit it
T e TR T R CoA AR, BN BE
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Figure 2 Common and special pathways involved in anaerobic digestion.
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