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Abstract: During gene transcription, RNA polymerase initiates the process by recognizing the promoter sequence,
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and terminates it upon recognizing the terminator sequence located at the 3'-UTR, leading to dissociation of the
transcription complex. Therefore, promoters and terminators within the transcription unit play the role of initiating and
terminating transcription, respectively. For downstream transcription units, in addition to the direct effect of terminating
transcript read-through, the dissociation of the RNA polymerase from the terminator may affect the binding of the
promoter to RNA polymerase in the subsequent transcription unit, thus indirectly altering the expression of the
downstream transcription unit. This interplay between terminators and promoters across transcription units remains
poorly understood, therefore, elucidating the impact of terminators on the transcriptional strength of downstream
transcription units is of great significance for the precise regulation of gene expression and the development of efficient
terminators. In this study, a library containing 405 different combinatorial elements (terminator-spacer-promoter) was
constructed by combining nine terminators, five spacer sequences, and nine promoters using one-pot assembly
technology. All combinations in the library were sequenced and analyzed in terms of fluorescence intensity based on
the FlowSeq technology to establish the correlations between combinatorial sequences and downstream gene
expression. The results showed that combinations of weak terminators, short spacers, and strong terminators were more
favorable to enhance the expression of downstream genes, while combinations of strong terminators, long spacers, and
weak terminators reduced the expression of downstream genes. Quantitative analysis of transcription revealed that
weak terminators not only enhanced downstream leakage transcription (21~70-fold enhancement), but also facilitated
downstream promoters to re-recruit RNA polymerase for re-promoted transcription (2~3-fold enhancement). This study
has elucidated the effect and mechanism of terminators on the regulation of gene expression in the downstream

transcription units, providing a design framework for the construction of gene circuits using terminators.
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Table 1 Strains and plasmids used in this study
Name Description Source
Escherichia coli IM109 EUROSCARF
Escherichia coli BL21 EUROSCARF
PTK Dual Fluorescent Probe Plasmid,Kan', T7 promoter, EGFP, mRFPI, T7 terminator this study
PTK-pot PTK derivatives carrying one-pot assembly libraries this study
PTK-pheA-13-¢ PTK derivatives carrying the terminator pheA, the spacer sequence sp-13, and the promoter dap-e this study
PTK-pheA-13-e12 PTK derivatives carrying the terminator pheA, the spacer sequence sp-13, and the promoter dap-e12 this study
PTK-pheA-40-¢ PTK derivatives carrying the terminator pheA, the spacer sequence sp-40, and the promoter dap-e this study
PTK-pheA-40-¢12 PTK derivatives carrying the terminator pheA, the spacer sequence sp-40, and the promoter dap-e12 this study
PTK-recA-13-¢ PTK derivatives carrying the terminator recA, the spacer sequence sp-13 and the promoter dap-e this study
PTK-recA-13-e12 PTK derivatives carrying the terminator recA, the spacer sequence sp-13 and the promoter dap-e12 this study
PTK-recA-40-¢ PTK derivatives carrying the terminator recA, the spacer sequence sp-40 and the promoter dap-e this study
PTK-recA-40-¢12 PTK derivatives carrying the terminator recA, the spacer sequence sp-40 and the promoter dap-e12 this study
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Table 2 Primers used in this study

Primer Description
pheA-F TAGCAACAATAAGGCCTCCCAAATCGGGGGGCCTTTTTTATTGAT
pheA-R TTAGATCAATAAAAAAGGCCCCCCGATTTGGGAGGCCTTATTGTT
thrL-F TAGCTCAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTACT
thrL-R TTAGAGTAAAAAAAAAGCCCGCACTGTCAGGTGCGGGCTTTTTTGA
rpsO-F TAGCCAGAAAAGGGGGCCTGAGTGGCCCCTTTTTTCAAGCT
rpsO-R TTAGAGCTTGAAAAAAGGGGCCACTCAGGCCCCCTTTTCTG
arcA-F TAGCAATAAAAACGGCGCTAAAAAGCGCCGTTTTTTTTGACG
arcA-R TTAGCGTCAAAAAAAACGGCGCTTTTTAGCGCCGTTTTTATT
thuE-F TAGCGTAAAAAAGGCAGCCATCTGGCTGCCTTAGTCTCCCCA
thuE-R TTAGTGGGGAGACTAAGGCAGCCAGATGGCTGCCTTTTTTAC
hisI-F TAGCCCCTGCCCTTTTTCTTTAAAACCGAAAAGATTACTTCGCGT
hisI-R TTAGACGCGAAGTAATCTTTTCGGTTTTAAAGAAAAAGGGCAGGG
recA-F TAGCAAGCAAAAGGGCCGCAGATGCGACCCTTGTGTATCAAC
recA-R TTAGGTTGATACACAAGGGTCGCATCTGCGGCCCTTTTGCTT
T7-MOD-F TAGCAAACAGATAGGCCCTCttcgGAGGGCCtatctgtt TTTTTTT
T7-MOD-R TTAGAAAAAAAaacagataGGCCCTCcgaaGAGGGCCTATCTGTTT
SP-TE-F TAGCCCAATGTTTACTCATATCCAGTCACAGAAACTGAACTATC
SP-TE-R TTAGGATAGTTCAGTTTCTGTGACTGGATATGAGTAAACATTGG
SPACE-5-F CTAACTATC
SPACE-5-R TTATGATAG
SPACE-13-F CTAAAAACTGAACTATC
SPACE-13-R TTATGATAGTTCAGTTT
SPACE-20-F CTAAGTCACAGAAACTGAACTATC
SPACE-20-R TTATGATAGTTCAGTTTCTGTGAC
SPACE-28-F CTAACATATCCAGTCACAGAAACTGAACTATC
SPACE-28-R TTATGATAGTTCAGTTTCTGTGACTGGATATG
SPACE-35-F CTAAGTTTACTCATATCCAGTCACAGAAACTGAACTATC
SPACE-35-R TTATGATAGTTCAGTTTCTGTGACTGGATATGAGTAAAC
SPACE-40-F CTAACCAATGTTTACTCATATCCAGTCACAGAAACTGAACTATC
SPACE-40-R TTATGATAGTTCAGTTTCTGTGACTGGATATGAGTAAACATTGG
dap-A16-F ATAATTGTTTAACCCCCAAATGAGGGAAGAAGGTATAATTGAACTCTCGCTCAAGGCGCAAGGAGCACACACA
dap-A16-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGAGAGTTCAATTATACCTTCTTCCCTCATTTGGGGGTTAAACAA
dap-e-F ATAATTGTTTAGCCACCAAATGAGGGAAAGAGGCACAATGGAACTCTCGCTCAAGGCGCAAGGAGCACACACA
dap-e-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGAGAGTTCCATTGTGCCTCTTTCCCTCATTTGGTGGCTAAACAA
dapA-e10-F ATAATTGTTTTGACACCAAATGAGGGAATGTGGTATAATTGAACTCTCGCTCAAGGCGCAAGGAGCACACACA
dapA-e10-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGAGAGTTCAATTATACCACATTCCCTCATTTGGTGTCAAAACAA
dapA-ell-F ATAATTGTTTTGACACCAAATGAGGGAATGTGCTATAATGGAACTCTCGCTCAAGGCGCAAGGAGCACACACA
dapA-ell-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGAGAGTTCCATTATAGCACATTCCCTCATTTGGTGTCAAAACAA
dapA-el12-F ATAATTGTTTTGACACCAAATGAGGGAATGTGGTAGAGTGGAACTCTCGCTCAAGGCGCAAGGAGCACACACA
dapA-e12-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGAGAGTTCCACTCTACCACATTCCCTCATTTGGTGTCAAAACAA
dapA-e10-35-F ATAATTGTTTAACCCCCAAATGAGGGAATGTGGTATAATTGAACTCTCGCTCAAGGCGCAAGGAGCACACACA
dapA-e10-35-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGAGAGTTCAATTATACCACATTCCCTCATTTGGGGGTTAAACAA
JI-F ATAATTGACAATTTTCTTAAATTGTGTTACAATGGGTTTCGCTCAAGGCGCAAGGAGCACACACA
JI-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGAAACCCATTGTAACACAATTTAAGAAAATTGTCAA
I2-F ATAATTGACATTTTTTTAGTTTTGAGTTACAATGGTTGTCGCTCAAGGCGCAAGGAGCACACACA
J2-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGACAACCATTGTAACTCAAAACTAAAAAAATGTCAA
SP-PRO-F ATAAGTTTACTCATATCCAGTCACAGAAACTGAACTATCTCGCTCAAGGCGCAAGGAGCACACACA
SP-TRO-R TCATTGTGTGTGCTCCTTGCGCCTTGAGCGAGATAGTTCAGTTTCTGTGACTGGATATGAGTAAAC
T7-CG-F AATTCCGGCCGCGGGGCCCGCTTCGGCGGGCCCCGCGGCCGTTTTTTTAAACTGAACTATCG
T7-CG-R GATCCGATAGTTCAGTTTAAAAAAACGGCCGCGGGGCCCGCCGAAGCGGGCCCCGCGGCCGG
WEAK-F AATTCAGCCCCTCAGTATAGGGGCGTATTTTCTCAAACTGAACTATCG
WEAK-R GATCCGATAGTTCAGTTTGAGAAAATACGCCCCTATACTGAGGGGCTG
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Fig. 1 Analysis of the regulatory effect of the combination of terminators and promoters with different strengths

Schematic structure of upstream and downstream transcriptional units in the plasmid (a), red fluorescent transcript levels (b), and expression levels

(c) of downstream transcriptional units in the nine mutant plasmids
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Table 3 Parts in the library

Assembly Part Name Activity Sequence(5—3")
Terminator pheA Strong AATCATAAGGCCTGACAAATCGGGGGGGATTTTTTCTTGA
thrL ! TCCAAAAAGCCCCGACCTGACAGTGACGGCTTTTTTATTAC
T7-MOD weak AAACAGATAGGCCCTCTTCGGAGGGCCTATCTGTTTTTTTTT
arcA AATATAAACGGCGCTAAAACGCGCGGTTTTTTTTGCC
rpsO CAGCAAAGGGTGCCTGAGTGCTCCCTTTTTGCAAGC
thuE GTAAAAAAGGCAGCCATCTGGCTGCCTTAGTCTCCCCA
hisl CCCTGCCCTTTTTCTTTAAAACCGAAAAGATTACTTCGCGT
recA AAGCAAAAGGGCCGCAGATGCGACCCTTGTGTATCAAC
SP-TE CCAATGTTTACTCATATCCAGTCACAGAAACTGAACTATC
Spacer SP-13 Short AAACTGAACTATC
SP-20 ! GTCACAGAAACTGAACTATC
SP-28 Long CATATCCAGTCACAGAAACTGAACTATC
SP-35 GTTTACTCATATCCAGTCACAGAAACTGAACTATC
SP-40 CCAATGTTTACTCATATCCAGTCACAGAAACTGAACTATC
Promoter dapA-el2 Strong TTGTTTTGACACCAAATGAGGGAATGTGGTAGAGTGGAACTC
dapA-ell ! TTGTTTTGACACCAAATGAGGGAATGTGCTATAATGGAACTC
dapA-el0 weak TTGTTTTGACACCAAATGAGGGAATGTGGTATAATTGAACTC
dap-A16 TAGGTTTTTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGTATAATTGAACTC
12 TTGACATTTTTTTAGTTTTGAGTTACAATGGTTG
dapA-e10-35 TTGTTTAACCCCCAAATGAGGGAATGTGGTATAATTGAACTC
J1 TTGACAATTTTCTTAAATTGTGTTACAATGGGTT
dap-e TTGTTTAGCCACCAAATGAGGGAAAGAGGCACAATGGAACTC

SP-PRO

GTTTACTCATATCCAGTCACAGAAACTGAAC
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Fig. 2 Expression of downstream genes regulated by the assemblies of terminator-spacer-promoter

(a) Screening of combinatorial elements by flow cytometry based on the red fluorescence for the expression of targeted genes; (b) Grouping of the

assemblies of terminator-spacer-promoter into High, Medium, and Low expression groups based on the relative fluorescence intensity of mRFPI

associated with the expression of targeted genes
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occurrence frequency of different components in the “High”, “Medium”, and “Low” groups
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Fig. 4 Expression levels of mRNA and red fluorescent protein with the downstream transcription unit regulated by typical

assemblies selected from the one-pot assembly library

(The strong and weak promoters were dap-el1 and dap-e, the strong and weak terminators were pheA and recA,

and the long and short interval sequences were sp-40 and sp-13, respectively.)
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Fig. 5 Influence of the combination of promoters and terminators on expression of the mRNA and fluorescence protein

(a) Effect of different terminator and promoter combinations on gene expression with fixed interval sequences; (b) Effect of different spacer

sequences and terminator combinations on gene expression with fixed promoters; (c¢) Effects of different promoters and combinations of promoters

on gene expression with fixed terminators. The strong and weak promoters were dap-e11 and dap-e, the strong and weak terminators were pheA and

recA, and the long and short interval sequences were sp-40 and sp-13, respectively.
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Fig. 6 Schematic representation of downstream mRNA, leakage transcription mRNA, and re-promoted mRNA levels under the
regulation of different combinatorial elements.
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strong and weak promoters were dap-ell and dap-e, the strong and weak terminators were pheA and recA, and the long and short interval sequences
were sp-40 and sp-13, respectively.
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