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A Comparison of Thermodynamic Library to Original

Figure S1: Plots comparing the original Cello transfer functions and the calibrated thermo-
dynamic transfer functions.
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B Proofs and Derivations

B.1 Proof of Transfer Function under Crosstalk

We start out with the equation from the main text

1
E(X|f17"'7fK)= Zo(p,fl,--~7fK)

L+ Z1(p, f1, - f50)

What we did avoid before, we have to tackle now: the case, where we build the ratio of two
implicitly completed multinomial coefficients with two arbitrary decrements. We thus seek

to simplify

c / c
Aty ..., QK A1y ooy @ =1, ... ap =1, ... ag

A5

/(ﬁl (c iy a,)(c -yt a,) ﬁ (c S 1)(c -yt + 1) ﬁ (c S 2))
k=1 Qg Ay — 1 k=m+1 Qj a, — 1 k=n+1 Qj

-1 - k
NC_Z?:H ay - Zz1al

A, k=m+1 C— Zz 1
X((c— ;L_lla,) 1 ( —zl_fal)/(c—zy_falH) ﬁ (c—zf_fal+2))
ap, fenil ay an =1 k=n+1 ak

For the second line to simplify, we need to take a look at a combination of both formulas

used before, i.e.

(n—k+1)~ m (n—k+1)~ m n-k (n—k)N m (n—k)
m-1) n-k+1 m "n—k+ln-k-m\ m ) n-k-m\ m

and thus

(C—Zl 1 al) (C—Zl":]lal+1)m c-YLiq
CLn an_l aTL
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The only thing that’s left to derive is an expression for the two-times-increment. For this,

we need to apply one of the formulas twice, i.e.

(n—k:+2)~ n-k+1 (n—k+1)~ n-k+1 n-k (n—k)N( n-k )Q(n—k)
m Tn—k-m+1 m "n-k-m+in-k-m\ m ) \n-k-m m

and thus
(C—Zf:_ll al)/(c— Yt al+2) ( -Yr 1a1)
g g c- Y5 a

This together then allows us to state

c / c
ai, ..., QK ai, ..., am—1,....,a,—-1,..., ax

)

-1 - k k 2
NC_Z?;L1 a ﬁ c— ZZMLZC_Z?:NM ﬁ ( Zz1al)
k=n+1

Um  homl €= Xpq @ On -y
and finally carry out the simplification of the expression for the expectation E(X | f1, ..., fx),
giving us
ZO (p7 f17 R fK)
Zl (p7 fl? sy fK)
~ w(p7f17"'7fK)
c—p-Xi5 fi
pnn lﬁw(p_L fla 7fK)
K 35t
+ Y 1mnn:k+1ﬁw(n fio oo fe=1, 00, fK)

1ep-Xi5 f K cp—25 fi
ka 1H"10lelllfllcp];§llfl Hn:k+1(Wl"1l) U)(p 1 fl?"'>fk_17"'7fK)

NE w(p7f17" fK)+Zk10w(p7f17"'7fk_ 7"'7fK)
pw(p_lafla"'7fK)+Z£<1FCI'Cw(p 1f17--'7fk_17"'7fK)
c 1+ZK %GXP( 6(6fk 6Cfic))

) 58Xp (_B (gp_gc,p)) +ZkKl JZC eXp( ﬂ(gpfk gcyp_gcsz))
_c 1+ ZK J} exp( B (gfk €C,fk))
- P eXp( B (50,70 )) 1+ ZK JZC eXp( 6 (EP fe = 60,]%))
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Thus, we again obtain a formula for the NOT gate with imperfect competitivity and arbitrary

crosstalk from other TF'’s:

1

E(X A, fx) = L+ 32exp (=B (ecp—p))

where the d factor is given by

d= 1+ Zéil f_ck exp (_6 (5P7fk —Ep— 6<37fk))
L+ Zf:l f?k exp (=8 (e, —€ei))

It is now a rather simple step to derive the final expression for the (N-input) NOR gate.

B.2 Worst-Case Titration Effect

In this section, we investigate the maximal effect of titration on the circuit response. In
particular, we are interested in the limiting case, in which the concentration of non-cognate
binding sites is small but the statistical weight of binding to these sites is extremely large.
We will do so by looking at the original equation defined for counts of species members
(positive integers) and rewrite it to involve concentrations in the end.

First, we consider an expression first derived in (1) and again presented in (2). The
expression gives the fold-change ¢ (R) for the amount of (outgoing) product encoded in a
single gene that is repressed by a single (incoming) TF available in absolute count R and in
presence of an absolute amount of V. non-cognate binding sites for the TF. For completeness,
we introduce the positive real system volume V € R,y and demand the absolute count of
background binding sites N = V¢ € Ny, where ¢ was our concentration of background binding
sites. As a consequence, our TF concentration f from before then also relates to the count
R by R =V f and a concentration s of non-cognate binding sites is also available, where

N.=Vs.
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Then mentioned original expression is given by

S sy () exp (-pkA)

¢ (R) N min min
kZO(R’M) A (N‘) exp (-BkAe.) + Xisy (R-LNe) Rl ___ (NC) exp (-0 (kAe, + Ag))

NF(R—F)! NG (R—k-1)!
min(R, N | N,
- k= 0( : Nk(?%'—k)'( ) exp (-BkAe.) 1)
" «min(R, Ne ¢
k:O( ) [1 + (R (Fk) exp (- ﬂAe)] ﬁ'k),(]\[ )exp( BkAe.)

We can first rewrite (1) to become

G(R)~|1+ Shoy ) U exp (-8¢) wa () exp (-BkAe)
km:IS(R ) st (0) exp (<BkAe)

:(1+w(R Ny & eXp( 5A5))_1=(1+w(R, Nc);exp(—ﬂAe))

-1

where we can simply insert % = %. The titration modifier w : Ngx Ny - R, is thereby given

by

min(R, N.) (R-k -
g e Bl s () exp (<BkAC,)

min(R, N N
k:O( : Nk(lzg—k)!( v ) exp (—BkAe)

R+ (R-1)exp(-BAc.) +---+vn, (R - N.)exp (-fN:Ac.)
- R+ v Rexp (-8Ac.) +---+ vy Rexp (-fN.Ac.)

w(R, N.) =

We are now interested to investigate the limiting case, in which there is maximal titration
to the host for a given amount of binding sites. Thus, we demand exp (-fAe.) > 1 and then

deduce

w (R, N,) vn, (R- N.)exp (-BN.Ac.) _ (R-N,)
) Rexp (-AN.A,) R

Plugging this into (1) gives the fold-change for this limiting scenario, i.e.
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¢(R)w(1+(R_TNC)%eXp(—BA8)) _

-1 (1+(R—NC)

20 52

-1

= (1 + (f=5) exp(—ﬁAs))

C

which is equivalent to an effective reduction of the available TF concentration f by a
concentration of non-cognate binding sites s and thus a simple right-shift of the associated

gate’s transfer function.

C Genetic Gate Library Compatibility

The following figures detail the compatibility analysis of the used gate library from Cello.
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Figure S2: Pair-wise compatibility of gates according to the proposed compatibility con-
straint. Each dot represents a compatible pair of gates. This matrix is used for determining
the compatibility of gates in the case of gates with only one input, i.e. NOT gates.
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Figure S3: Detailed visualization of compatible gate triples. Each matrix shows the com-

patible pairs of input gates for one target gate.
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