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1. Supplementary Text 

1.1. Properties of the recombinant vvUNG 

Protein sequence of the cloned vvUNG and calculated protein parameters [89]. The 

sequence from the pET-15b vector is shown in bold and underlined. 

 
>vvUNG 

MGSSHHHHHHSSGLVPRGSHMNSVTVSHAPYTITYHDDWEPVMSQLVEFYNEVASWLLRD 

ETSPIPDKFFIQLKQPLRNKRVCVCGIDPYPKDGTGVPFESPNFTKKSIKEIASSISRLT 

GVIDYKGYNLNIIDGVIPWNYYLSCKLGETKSHAIYWDKISKLLLQHITKHVSVLYCLGK 

TDFSNIRAKLESPVTTIVGYHPAARDRQFEKDRSFEIINVLLELDNKAPINWAQGFIY 

 

Number of amino acids 238 

Molecular weight  27215 

Theoretical pI   8.25 

Extinction coefficient  45380 M−1×cm−1, assuming all Cys are reduced 

 

1.2. Probability of correlated cleavage formalism 

The probability of correlated cleavage of a two-site substrate (Fig. 1A in the main 

text) is defined as the conditional probability of cleavage at the second site (P3 formation) 

given the first site is already cleaved (P1, P2 formed). Under the conditions of substrate 

excess and assuming the probability of transfer between them is the same in either di-

rection, cleavage of the substrate containing two equivalent target sites can be described 

by the following kinetic scheme: 

 
where k1 is the second-order rate constant of enzyme binding to either target site, k−1 is the 

substrate release rate constant (without cleavage), kex is the cleavage rate constant, k2 is 

the rate constant of transfer between two sites after the cleavage at the first site but 

without product release, and k−2 is the rate constant of transfer between two sites without 

the cleavage (formally, the process described by k2 and k−2 may be regarded as isomeri-

zation of the ES complex). Applying the graph theory formalism [90], the determinants 

for different enzyme complexes can be written as: 
ΔE = 𝑘−1𝑘−2 + 𝑘ex

2 + 𝑘−1𝑘ex + 𝑘−2𝑘ex 
ΔES = 𝑘−2𝑘1[S] + 𝑘ex𝑘1[S] 
ΔEQ = 𝑘1𝑘2[S] 

Hence, the ratio of P3 product formation to the combined rate of P1, P2 and P3 for-

mation will be: 
𝑣P3

(𝑣P1 + 𝑣P2) + 𝑣P3
=

ΔEQ

ΔES + ΔEQ
=

𝑘1𝑘2[S]

𝑘−2𝑘1[S] + 𝑘ex𝑘1[S] + 𝑘1𝑘2[S]
=

𝑘2

𝑘−2 + 𝑘ex + 𝑘2
 

Assuming 𝑘−2 << 𝑘ex (i. e., the probability of cleavage upon reaching the second target 

site greatly exceeds the probability of return back to the first site), one finally has: 
𝑣P3

(𝑣P1 + 𝑣P2) + 𝑣P3
=

𝑘2

𝑘ex + 𝑘2
≡ 𝑃cc 

It should also be noted that Pcc is not a function of the enzyme concentration. Thus, 

the presence of competitive inhibitors does not affect Pcc, since they decrease the concen-

tration of the free enzyme and thus decelerate all reaction rates to the same extent. 
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2. Supplementary Figures 

  

(a) (b) 

Supplementary Figure S1. Michaelis–Menten kinetic plots of cleavage of 20-mer duplex substrates 

corresponding to each individual half of the ligated 40-mer construct by vvUNG. (a) U20L//G20L 

substrate; (b) U20R//G20R substrate. Mean ± SD of three independent experiments is shown. 
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Supplementary Figure S2. Comparison of the dependence of vvUNG and EcoUng Pcc on the con-

centration of KCl. Closed circles, vvUNG; open circles, EcoUng (data from [41]). Mean ± SD of three 

independent experiments is shown. 
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(a) (b) 

Supplementary Figure S3. Dependence of vvUNG Pcc on the ionic strength and the equivalent 

monovalent cations concentrations of Tris–HCl buffer supplemented with KCl or MgCl2. (a) Plot of 

Pcc vs the ionic strength. (b) Plot of Pcc vs the equivalent monovalent cations concentrations. Closed 

circles, KCl; open circles, MgCl2. Ceq was calculated from an empirical equation Ceq =  [Mono+] +

3.75 × √[Mg2+], where [Mono+] is total concentration of monovalent cations in the buffer and all 

concentrations are in mol/L [57]. Mean ± SD of three independent experiments is shown. 
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Supplementary Figure S4. Comparison of the dependence of vvUNG and EcoUng Pcc on the dis-

tance between the Ura residues. Closed circles, vvUNG; open circles, EcoUng (data from [41]). 

Mean ± SD of three independent experiments is shown. 
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Supplementary Figure S5. Simulation of EcoUng random walk on a finite one-dimensional grid 

with irreversible losses. Black symbols are experimental PT data from [41] used for fitting. Colored 

dots show the fraction of successful walks from position 8 to positions 29, 49, 69 or 89 (red dots) or 

from positions 29, 49, 69 or 89 to position 8 (blue dots). 
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Supplementary Figure S6. Purification of vvUNG. Lane 1, molecular weight markers; lane 2, 

HisTrap column flowthrough; lane 3, wash with Buffer A; lane 4, wash with Buffer A supple-

mented with 50 mM imidazole; lanes 5–10, fractions under the major UV absorption peak. Frac-

tions from lanes 8 and 9 were pooled and used in further experiments. 
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Supplementary Figure S7. Scheme of substrates construction. The target uracil residues are shown 

in red. Asterisk indicates the placement of the radioactive label. 


