Supplementary Information

Active degradation of a regulator controls coordination of downstream genes
N. A. Rossi, T. Mora, A. M. Walczak, M. J. Dunlop

1 Plasmids

1.1 Reporters

Pocsa CEP

pNS2-VAI

SC101

Plasmid maps of pNS2-VAI and pNS2-Al. These are the reporter plasmids for the MarA fusion
and CRISPRIi systems. pNS2-VAlI includes three fluorescent protein genes (cerulean CFP, mCherry
RFP, and venus YFP) under the control of the promoters as indicated, a low-copy SC101 origin of
replication, and a kanamycin resistance marker. pNS2-Al is identical in terms of features with the

absence of ¢fp and the corresponding promoter.

Construct | Primers

Pocran F: GCCAGTAGATTGCACCGCG
R: TCGTGCTATGGTACATACATTCACA

Pinaa F: CAATGCTTTTCAGCGTTAACTCTG
R: ACGACAATGACTATAGGTGGT

Poorn F: GGTTGTTATCCTGTGTATCTGG
R: ATTAGTTGCCCTGGCAAG

Table 1: Primers for construction of transcriptional reporter plasmids

1.2 CRISPRIi knock down

To knock down endogenous Lon protease we used the plasmids and methods from [1]. To tar-
get the lon gene, we designed the sequence TAAACCACCACATTGCGCAG which binds ~ 100



base-pairs after the transcriptional start site of the lon gene. This sequence has a single mutation
(underlined letter) at the 14th base-pair. This decreases its repression and causes leaky expression
of lon to avoid producing off-target phenotypic changes such as increased filamentation (Fig. S1).

1.3 lon knockout

To knock out lon for Fig. S1 we used the primers from [2]: TCGTGTCATCTGATTACCTGGCG-
GAAATTAAACTAAGAGAGAGCTCTATGATTCCGGGGATCCGTCGACC and TTTTTATTA
GTGCATTTTGCGCGAGGTCACTATTTTGCAGTCACAACCTGTGTAGGCTGGAGCTGC
TTCG along with the pKD13 plasmid [3].

2 Analytic solutions for variance and mutual information over
time
Following the methods outlined in [4] we derived the exact analytical solutions for the models

described in the text. This allowed us to describe how variance evolves as a function of time for
the input X and its two downstream targets Y and Z.

2t

Var{z(t)} = %Tx <1 - e_?w) (1)

—2t(L+1) 24

T, \Ty 7w JoTe 2t [ 2t
Var{y(t)} = —* Cren (e —1)
v} 2(m—m>2<m+fy>(@ o

2 1,1 11 )
+ Tj (63; (eé — 1) — gj (ezai — 4et(ﬁ+€) + 26%(5-&7) + e“j)> 2)

2t 2t 2t
+ 772 (92— 1) e (6@ - 1) — 727,e7 (ew _ 1) +rien (e _ 1))

TZ€72t<%+%) ggTﬁ 2t < 2t 1)
€Tz €T —
2(1p — 1) 2 (1 +72) \ T2

+ 73 (e% <e% — 1) — g <e% —4et(Era) poe(EHE) 4 e%)) (3)

+ 7'z7'§ (95 - 1) 6%Z (6% — 1) — TZQTxe% (e% — 1) + 7'36% <€% — 1))

Var{z(t)} =

Next, in order to quantify how coordinated diversity of two downstream genes evolves over
time we compute the mutual information between the two genes as a function of time. To compute
this, we first calculate the covariance over time.
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Next, the correlation of Y and Z is calculated by combining equations 2, 3, and 4 as :

Cov{y(t), z(t)}*

C t),z(t)} =
Orr{y( )7’2( )} Vazr{y(t)}va/fr{Z(t)} (5)
This is then converted to mutual information by the following equivalence
1
Hy(t),2(0)} = —5in(1 = Corr{y(t), 2(1)}*) (6)

Note this analytical conversion assumes Gaussian statistics for the underlying stochastic differ-
ential equations.

3 Analytic solutions for variance and mutual information over
time with scaled variance

The solutions to the equations as illustrated in Figure 3 in the main text are similar to that in Figure
2 except the variance is constrained as a function of correlation time 7.
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4 Modified model incorporating growth rate

To consider the effects of growth rate on the system we modified Eqn. 7 to include terms modeling
the exponential growth of a bacterial microcolony.

Var{z(t)} = (1 — 6_%> (1 - ;M(Z)t) (11)

Ncellse tdiv

where N is the starting number of cells, ¢4, is the division time (or length of cell cycle) in
minutes. 7,, is the correlation time of the activator, while t is measured in minutes.

5 Parameters

Parameter Value Definition
Az range from 1 to 100 half-life of x
T zo/g\fz) correlation-time of x
Ty % correlation-time of y
T, % correlation-time of z
9y 0.17, dose response gain of x on y
gz 0.17, dose response gain of x on z

Table 2: Parameters used for stochastic simulations and analytical solutions
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