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Introduction

The Well-tempered Controller846 (WTC846) is a two unit transcriptional control system for S. cerevisiae.
An inducible promoter (PtetO-7.1) is placed in front of the Gene of Interest (GOI). The promoter is based
on an engineered version of the strong constitutive promoter TDH3. It is made inducible by placing Tet
operators next to the binding sites for the transcriptional machinery such that binding of the TetR
protein can outcompete the endogenous proteins. The repressors TetR and TetR-TUP1 are found on
one integrative repressor plasmid (Figure 1A). TetR is expressed under the above described promoter
(i.e. negative feedback loop). TetR-Tup1 abolishes the basal expression level and is expressed under the
control of the weak, constitutive RNR2 promoter.

To create a functional system, we advise to first integrate the repressor plasmid. The PtetO-7.1 can
then be placed in front of any gene in the genome using classical PCR tagging. The tagging plasmid
(based on [1]) is used as a template (Figure 2). We provide two versions of the PtetO-7.1 followed by a
flag tag followed by a linker composed of 8 glycine residues; either cloned in a plasmid providing a HygR
marker (FRP2350), or a NAT marker (FRP2375). Identical to the classical PCR based tagging, the 5’
and 3’ ends of the fragment need to be complementary to a sequence upstream of the GOI and to the
beginning of the GOI, respectively. We tested the plasmid for use with and without the Flag tag.
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Figure 1: The architecture of the WTC846 controller and
how it works. A) The GOI and TetR are controlled by
the PtetO-7.1, whereas TetR-TUP1 is controlled by the
RNR2 promoter. B) Flow cytometry measurements from
a strain where the WTC846 controller regulates expres-
sion of Citrine. aTc was added to exponentially growing
cells, and samples were taken every 30 minutes for flow
cytometry analysis. The dashed line indicates autofluo-
rescence.

Induction of the tagged gene can then be controlled by aTc, a small molecule that causes TetR
to dissociate from its binding sites on the PtetO-7.1. An example is seen in Figure 1B, where Citrine
expression was controlled with a large range using aTc. At this point we advise to use aTc and not
Tetracycline or Doxycycline.

The basal leakiness of the promoter can be cotrolled by the Kozak sequence. The provided sequence
in the FRP2350 and FRP2375 plasmids shows no detectable basal Citrine level. However, even a small
basal expression level can become an issue if the GOI controls a protein that is required in very small
numbers. We encountered this problem with Tor2, Cdc28 and similarly low abundance, stable proteins.
In this case changing the translation efficiency by modifying the Kozak sequence (last 15 bases before
the start codon) allowed us to abolish all basal leakiness.
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Figure 2: Map of the tagging plasmid. Resistance marker is NAT or HygR depending on the plasmid number.
The coloured boxes zoom in to the marked regions to demonstrate how the primers anneal to the plasmid.

Tagging Protocol

1. Transform the repressor plasmid in a strain that has the correct auxotrophic marker deletion. The
plasmid should be linearized using AscI digestion for integrative transformation[2]. The plasmids
are given in Table 1:

FRP Number Marker pRG Number[2]
FRP2365 URA3 pRG206
FRP2370 LEU2MX pRG205MX
FRP2371 HIS3MX pRG203MX
FRP2372 LYS2 pRG207
FRP2374 MET15 pRG201

Table 1: Repressor plasmids

2. Design primers to create the tagging fragment from the tagging plasmid (FRP2350 or FRP2375).

• Forward primer: Use the sequence agcttgccttgtccccgcc as the annealing part of the forward
primer. Select 40 base pairs anywhere upstream of the GOI, and use this sequence as the 5’
tail of your forward primer. Remember that the region between these 40 base pairs and the
start codon of the gene will be deleted during the transformation. You can thus remove the
entire natural promoter of the gene, but this is not necessary.

• Reverse primer option 1 - w/o flag tag: Take tttattcgaaactaagttcttggtg as the annealing
portion of your reverse primer, which will anneal to the sequence caccaagaacttagtttcgaataaa
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on the plasmid. Then use the reverse complement of the first 40 base pairs (including ATG)
of the GOI, followed by the reverse complement of the desired Kozak sequence as your 5’ tail,
such that the primer reads: 5’-reverse GOI sequence-CAT-reverse Kozak sequence-annealing
portion-3’.

• Kozak sequence to modulate expression: The Kozak sequences that we have tested, in decreas-
ing order of translation efficiency are (reverse complement is given in parentheses):

– ACACACATAAACAAA (TTTGTTTATGTGTGT)

– AGAGAGAGAGAGAGA (TCTCTCTCTCTCTCT)

– AAGGGAAAAGGGAAA (TTTCCCTTTTCCCTT)

• Reverse primer option 2 - including flag tag: If you would like to include the flag tag at
the start of the gene, use the sequence catcgatgaattctctgtcgg as the annealing portion of
your reverse primer, which will anneal to the standard S4 primer binding site on the plasmid
(ccgacagagaattcatcgatg) . In this case the Kozak sequence cannot be altered, and the one
already on the tagging plasmid has to be used (this is the first one in the list above). Use the
reverse complement of the first 40 bases (after ATG) of the gene as the 5’ tail of your reverse
primer such that the primer reads: 5’-reverse GOI sequence-annealing portion-3’.

3. Perform the tagging PCR to generate the tagging fragment. Use the primers designed in the
previous step and the PCR protocol detailed below (adapted from [1]):

Reaction Setup (200µL):

20µL Taq/Vent Buffer*

35µL 2mM dNTPs

2µL tagging plasmid

0.5µL 100µM forward primer

0.5µL 100µM reverse primer

0.8µL Taq polymerase

0.4µL Vent polymerase

134.4µL ddH2O

*Buffer composition:

500mM Tris/HCl(pH=9.0)

22.5mM MgCl2

160mM NH4SO4

PCR program:

(a) 95◦C 5min

(b) 95◦C 1min

(c) Ta 30sec

(d) 68◦C 1min per kb

(e) 95◦C 1min

(f) Ta 30sec

(g) 68◦C 1min/kb + 20sec per cycle

(h) 9◦C hold

Repeat steps (b-d) 10x, (e-g) 20x.

4. Isolate and transform the tagging fragment into the strain created in step 1. If the GOI is an essen-
tial gene, the transformation efficiency will be low. In order to increase transformation efficiency,
pre-culture, recovery media for the cells and selection plate should all contain aTc.

5. Correct integration can be confirmed using colony PCR. Use sequence cagttcgagtttatcattatcaatactg
as the forward primer (binds at the start of PtetO-7.1), and a reverse primer that anneals within
the GOI. The fragment length will depend on where in the GOI the reverse primer anneals. (This
forward primer will work for all cases except when TDH3 is being tagged, since PtetO-7.1 is based
on the TDH3 promoter.) Integration efficiency is low when tagging essential genes (about 10% of
colonies screened), but a positive PCR result generally is enough to indicate correct integration.
However it is best to isolate the PCR fragment and sequence the entire promoter to confirm that
there were no loop outs.
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