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Abstract

With the rapid advancement of synthetic biology and biological computing, the use of biological
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systems to perform logical operations and information processing has become a prominent research
focus. Using synthetic biology approaches, this study designed and constructed a 2-to-4 decoder ge-
netic circuit implemented in bacteria. The circuit utilizes two chemical molecules, IPTG and aTc, as
input signals, and employs a synergistic combination of the CRISPR/dCas9 repression system and
DNA recombinases (Cre/loxP) to achieve the functionality of a 2-to-4 decoder. The genetic circuit
was constructed using molecular cloning techniques, and its function was verified through the ex-
pression of red fluorescent protein. The 2-to-4 decoder produced outputs consistent with the truth
table under all four input combinations, demonstrating advantages of biological systems such as
low power consumption, high parallelism, and biocompatibility. This work lays a foundation for the
development of more complex biological computing systems and shows potential for applications
in intelligent drug delivery, environmental monitoring, and cell programming.
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Table 1. Truth table of a 2-to-4 decoder
#1244 FEBEER

LIUN i
In1 In2 Out 1 Out 2 Out 3 Out 4
0 0 0 0 0 1
0 1 0 0 1 0
1 0 0 1 0 0
1 1 1 0 0 0
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a) WILHRE T 5 R TR E A S S BRI RS, SRS IEERGERE T X SE R T ITE
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I AT ) DNA 87 AN o) 390 0 U S5 I8 503 2 DR 45 ) T 42 ) o DR P0G S5 D BR, 9 BRA BE TA
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Cell 1
Circuit 1-1
—_ . — — -
Plac Cre KIEF loxP  Ptet loxP GFP ®KIkF
Circuit 1-2
!" I -
Paso sgRNA_GFP &ikT

Figure 1. The genetic circuit in Cell 1
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Figure 2. The genetic circuit in Cell 2
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Figure 3. The genetic circuit in Cell 3
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Cell 4
Circuit 4-1
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Figure 4. The genetic circuit in Cell 4
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Table 2. Workflow when the input is 00
2. AR 00 BE TERER
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Table 3. Workflow when the input is 01
# 3. MAA 01 B TIERR
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Table 4. Workflow when the input is 10
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1-1FLER Plac A B TR 8, RIACreHZHMG, A7 T loxPAz sl A S [5] Ptet /i &l 1 #1 % Jy 1E 1),
BONAME fEaTe, Pethad s TR RS 1-2RBEATAE, LRI ER.

1

DOI: 10.12677/amb.2025.144017 147 AEYIRTI


https://doi.org/10.12677/amb.2025.144017

Wit

hi)ilab) 2-1HL R fIPlac/E B FJa 3l, RIARFP, AR 22/ A TAE, 1
43 3-1HLB AN TAR; 3-2HL %W Plac/H 3 JH ZlsgRNA_RFP, AL th A il 0
o 4-1 HLER R I 2H A B B T )R ZhRFP, 4-2 % R IPlac)a B3I F Ja BlisgRNA_RFP, 0

sgRNA_RFPHIH4-1 HLEE H [FIRFPFRIE, oL aA il

4) %N~ 11 i (BIE %N IPTG 1 aTc), 400 TR A H a3 5.

Table 5. Workflow when the input is 11
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Table 6. Ligation reaction mixture
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