Gemini: a dual reporter of promoter activity
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Context

Biologically encoded memory devices underpin numerous
potential applications, ranging from sensing to counting. Building
upon work by Ham et al [1], a two-state memory device has been
designed to controllably flip a small segment of DNA using
recombinase enzymes. This “Flipee” requires no energy to
maintain state, and a promoter on the Flipee sequence will drive
a PoPS signal [2] to a read-out device that indicates its state.

Two requirements

Gemini is the read-out device that reports the state of the Flipee.
The device will be used to evaluate Flipee performance (such as
the speed of switching), and has two requirements.

1. Sensitive reporter

Flipee output may be weak, so the reporter signal must be
sensitive. LacZ produces a detectable signal that is sensitive

to promoter activity, but the cell requires a substrate and must

be in a metabolically active state to produce assayable product
(right panel). Florescence, though less sensitive, enables in-situ
and non-disruptive monitoring (left panel). GFP-LacZ fusion
reporters has been shown to encapsulate the positive properties
of both into a single gene: GFP enables non-invasive monitoring of
promoter activity and LacZ reports promoter activity if the GFP
signal is weak (undetectable). The full LacZ gene, over 3kb, has been used
in the dual reporter demonstrated in the literature [3].
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Figure 1: Cells expressing both GFP and R-gal

2. Small sequence length

Because transformation efficiency decreases with plasmid size, it may be
preferable to replace full length LacZ with a small yet critical fraction of
the LacZ gene. This polypeptide, known as the R-gal alpha fragment
(shown below), has been shown to compliment an inactive R-gal
monomer in trans, resulting in a functional enzyme [4].
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Figure 2: LacZ alpha complementation restores function to inactive B-gal

Risks

GFP fusion may hinder alpha complementation. In addition, the linker

used for full length LacZ GFP fusion reported by Hwang [3] contains a

restriction site (EcoR1) incompatible with Bio-Brick assembly standard.
Hwang et al. (2006) LacZ-GFP fusion

+ LacZ excised from pMC1817 by Pst]
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TCCGGACTCAGATCTCGAGCTCAAGCTTCGAATTCTGCAG

Figure 4: Proven fusion linker incompatible with assembly standard

The aim is to build a dual LacZ-GFP reporter capable of of alpha-
complementation so that it does not have to carry the full LacZ gene.

C-terminal GFP fused to N-terminal of
the LacZ-alpha fragment, with
schematic linker. The protein fusion
may inhibit complementation.

Figure 3: GFP fused to LacZ alpha fragment capable of complementation

Assembly strategy

The design must enable efficient testing of many possible linkers and
florescent proteins. Staged construction enables testing of both
reporters prior to fusion. Once full-length LacZ fusion is validated,
fusion with LacZ alpha will be tested, first with possible linker variants
and potentially with GFP variants [5] or other florescent reporters.
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If No ...

A. RBS, BBa_B0034

B. Florescent protein, BBa_E0040

C. Terminator, BBa_B0010 and BBa-B0012
D. Linker, BBa_K157013

E / E’. LacZ, LacZ-alpha, 1732006

Figure 5: Staged assembly with modular components eases troubleshooting
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