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Teaching of tricarboxylic acid cycle via decarboxylation clues
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Abstract: The tricarboxylic acid (TCA) cycle is a crucial yet challenging topic in the teaching
of Biochemistry due to its complex reactions and dense knowledge points. Conventional
teaching method typically follows the sequence of the reactions in the TCA cycle, which often
resulting in suboptimal learning outcomes. This paper introduces an alternative teaching method
with introduction of decarboxylation clues to simplify the reaction process and product
terminology in the TCA cycle, making it easier for students to understand the pathways and
mechanisms involved. Firstly, the dissection of decarboxylation demonstrates that pyruvate
undergoes decarboxylation to form acetyl-CoA, which reacts with oxaloacetate to produce the
2-carboxymethyl group in citrate. This 2-carboxymethyl group does not participate in
decarboxylation during the first round of the TCA cycle. Subsequently, with R representing
carboxymethyl for analyzing the TCA cycle, it is found that starting from the condensation of
acetyl-CoA and oxaloacetate, the chemical formulas of some intermediates in the TCA cycle
can be correspondingly written as follows: citrate (R-2-malate), Cis-aconitate (R-fumarate),
isocitrate (R-3-malate), a-ketoglutarate (R-pyruvate), succinyl-CoA (R-acetyl-CoA), and
succinate (R-acetate). The two decarboxylation steps in the TCA cycle occur in isocitrate and
a-ketoglutarate, respectively. To evaluate the effectiveness of this new teaching method, we
recruited students to participate in a survey assessing their learning outcomes before and after
teaching with this method. Statistical analysis of the feedback results showed that the majority
of students taught with this new method found each step of the TCA cycle easier to understand
and remember, with significant improvement in learning outcomes. The teaching method with
decarboxylation clues enhances learning outcomes by stimulating students’ thinking and
analysis and promoting their learning initiative and innovative spirit, thereby leading to better
learning results.

Keywords: tricarboxylic acid cycle; decarboxylation; malic acid; fumaric acid; pyruvic acid;
acetyl-CoA; carbon dioxide
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Figure 1 Chemical reaction steps of the tricarboxylic acid cycle. The chemical reactions of the tricarboxylic acid
cycle include condensation, dehydration, hydration, oxidative decarboxylation, substrate-level phosphorylation, and
dehydrogenation. The release of CO; occurs during the decarboxylation of pyruvate (before entering TCA cycle),
isocitrate, and a-ketoglutarate. Acetyl-CoA: Acetoacetyl coenzyme A; ACON: cCis-aconitase; ADP: Adenosine
diphosphate; AKG: a-ketoglutarate; ATP: Adenosine triphosphate; Cis-acon: Cis-aconitate; CIT: Citrate; CS: Citrate
synthase; FADH,: Flavine adenine dinucleotide, reduced; FH: Fumarase; Fum: Fumarate; GDP: Guanosine
diphosphate; Glc: Glucose; GTP: Guanosine triphosphate; IDH: Isocitrate dehydrogenase; Iso: Isocitrate; KGDHC:
a-ketoglutarate dehydrogenase Complex; Mal: Malate; MDH: Malate dehydrogenase; NADH: Nicotinamide
adenine dinucleotide; OAA: Oxaloacetate; PDH: Pyruvate dehydrogenase; Pi: Phosphate; Pyr: Pyruvate; SCS:
Succinyl coenzyme A synthetase; SDH: Succinate dehydrogenase; SUC: Succinate; SucCoA: Succinyl-coenzyme A.
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Figure 2 Acetyl-CoA condenses with oxaloacetic acid to form the carboxymethyl group in citric acid.
During the condensation process of acetyl-CoA with oxaloacetic acid, its acetyl group (in red) transforms into
the carboxymethyl group (in red) within citric acid. The carboxymethyl group does not participate in the
decarboxylation during the first round. R1, R2, R3, R4, R5, and R6 represent the rest groups in citric acid,
aconitic acid, isocitric acid, a-ketoglutaric acid, succinyl-CoA, and succinic acid molecules (shown in dashed
boxes), excluding the carboxymethyl group. The abbreviations were as for Figure 1.
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Figure 3  Analysis of the chemical structures of metabolite s in the tricarboxylic acid cycle. When R is used
to represent the carboxymethyl group (—CH>—COQ"), the structures contained in each reactant apart from the
R group (highlighted in red) can be clearly seen, such as the chemical structure of malate in citrate. The

abbreviations were as for Figure 1.
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Figure 4 The decarboxylation reactions in TCA cycle started from the anticipation of pyruvate in mitochondria.
R represents the carboxymethyl group of substrates in the cycle. The abbreviations were as for Figure 1.
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Table 1 Basic information of questionnaire participants

[1) 250 257 8 e 30T ISP AR g A
Question and option Total number Undergraduate  Graduate
L1 S mAELE YRR v ol < — ORI 1

1.1 Have you learned TCA in Biochemistry?

J& Yes 82 16 (84%) 66 (68%)
7 No 33 3 (16%) 30 (32%)
2.1 JE AWl i R 2 R AT =R BR G IR 1 By Oy 1k

2.1 Have you learned the method of “understanding TCA from

decarboxylation reactions”?

J& Yes 3 0 3 (3%)
% No 112 19 (100%) 93 (97%)
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Figure 5 The understanding and memory of TCA cycle among students before and after receiving
“decarboxylation analysis” instruction. A—B: The proportion of options selected by students for questions 5
and 6 of Questionnaire 1. C—D: The proportion of options selected by all students (total) in questions 2 and 3
of Questionnaire 2. E-F: Statistical analysis of students’ scores for understanding and memory before and
after teaching. Comparisons between the two groups were conducted using unpaired t-test. ****: P<0.000 1.

()45 1Y 4—6 REARZLAG I 7 LE X R Mg dT - WA TR PEM EE R 4 31 5), A
P S A e s 0T IR . A IR(E 6) AR MENTIE T ROR B AF (87.8%) . A A AE
WoR, BTN P R R BOR AT 55(79.3%) . ZiX RS HIF(81.7%) . XKW
HE N 1B 2)H RA 1 Ai2E4(1.2%) (K 6B). PR AT RCR M 2 BRI AT, HeE ]
INHBABORGFMERN IIEE AT 20%. K 1842, B0 AIL T g e 2= 2 ik

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5280 A 2 AR

Microbiol. China

A B
1.2

X

(98]

NA
Good

N=82 1.2 1.2

: |

N=82

Bad
2
3
4
5
NA
Good

Bl 6 “BRmMITEBFRMFIYR. BIHER. EXMGEHERSH

B 4(A). 5 (B). 6 (ORI & L]
Figure 6

Sk ZIRIRIG IR =2 AL A ]

Outcomes analysis of learning retention, and exam predictions after teaching with

“decarboxylation analysis”. The proportion of options selected by students who have studied the tricarboxylic
acid cycle in questions 4 (A), 5 (B), and 6 (C) of Questionnaire 2.
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