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Supplementary Information
Internals of mDNA Restriction

In figure 14 the site h2 associated with the meta-base b2 a2 is recognized by the cleaver strand ḡ f¯h̄2 r2 . There
is a single recognition site h2 on each of the strands of the dsmDNA (step 1). The cleaver strands bind to
the toehold h2 on each strand (step 2) and break the meta-backbone bond by strand displacing the 3′ pad
ḡ f¯ (step 3). We now introduce the 3′ capper sequence f gt3′ to cap the exposed 3′ pads (step 4). We prevent
interaction between the cleaver strand ḡ f¯h̄2 r2 and the 3′ capper sequence f gt3′ by executing step 4 only after
we are reasonably certain that step 3 is complete, otherwise these strands may bind to each other and slow
down the rate of the restriction. This means that mDNA restriction is not autonomous. The strand r̄2 h2 f g
is introduced to strip away the cleaver strand ḡ f¯h̄2 r2 from the 5′ pad by exploiting the toehold r2 (step 5).
This exposes the 5′ pads (step 6) which are then capped by introducing the 5′ capper sequence ḡ f¯t5′ (step
7), completing the process of mDNA restriction. Again, we prevent interaction between the strand r̄2 h2 f g
and the 5′ capper sequence ḡ f¯t5′ by executing step 7 only after we are reasonably certain that step 6 is
complete, otherwise these strands may bind to each other and slow down the rate of the restriction. We
do not require that these extraneous strands do not interact at all. Rather, it is sufficient that even after
interacting among themselves there are a sufficient concentration of them to perform the tasks described in
figures 14 and 15.

Figure 14: Restriction: Step 1: Recognition site h2 indicates restriction location. Step 2, 3: The cleaver
strands bind to the toehold h2 on each strand and break the meta-backbone. Step 4: The 3′ capping sequence
f gt3′ is added.

Figure 15: Restriction: Step 5, 6: The cleaver strand is stripped away by the pink strands. Step 7: 5′ ends
are capped.

6.2

Internals of mDNA Helicase Denaturation

Helicase mDNA activity is performed by a host of strands (colored pink in figure 16), two for each type of
meta-base bond that must be broken. In figure 16 there are two types of meta-base bonds and hence we have
four strands to perform helicase mDNA activity (step 1). We introduce a slight modification in the internal
strand structure by appending a sequence p to the base pad of each meta-nucleotide. This modification
does not significantly affect the secondary structure of mDNA and neither does it interfere with any other
mDNA protocol described in this paper. This sequence (p) will act as a toehold for the strands involved
in the helicase mDNA process. A pair of pink strands (for example m̄p̄b1 and m̄p̄ā1 ) invade the meta-base
pad bond and break them (step 2). Note that half of the meta-base bond is broken by one of these strands
and half by the other, ensuring symmetry. Once each meta-base bond is broken the meta-strands drift apart
(step 3) and helicase mDNA activity is complete. We can strip off the protecting strand, for example m̄p̄b1 ,
by adding in its complement, say b̄1 pm (step 4). The ssmDNA can now recombine into dsmDNA. It is
possible to repeat this process of mDNA denaturation and mDNA renaturation, however the protocol would
not be autonomous.

Figure 16: Denaturation: Step 1: The sequence p will act as a toehold for the pink strands. Step 2: The pink
strands symmetrically cleave meta-base bonds. Step 3: The strands float away. Step 4: The meta-nucleotides
restored to active unbound state.

6.3

Internals of mDNA Replication

We have a four meta-base mDNA sequence, with the first and last bases being the special terminator bases
(step 1). Note that the sequence g = g1 g2 and ḡ = ḡ2 ḡ1 . A meta-nucleotide with an active unbound base
pad (step 1) comes in and binds to the template via the sequence b2 a2 (step 2), strand displacing out the
sequences p̄b2 (part of the light green strand) and b̄2 (part of the pink strand). The subsequence p̄b2 will
be used in the separation of this newly incorporated meta-nucleotide from the template when a downstream
meta-nucleotide is added in the next cycle. The strand f x̄b2 now strips away b̄2 xf¯ via the toehold b̄2 ,
activating the 5′ pad of the incoming meta-nucleotide (step 3). This allows the 5′ pad f g1 g2 to bind with
the 3′ pad ḡ2 ḡ1 f¯, displacing ḡ2 ḡ1 and opening up the hairpin structure p̄ā1 l (step 4). This allows the strand
f yḡ2 ḡ1 to be stripped away through the toehold ḡ2 ḡ1 by the strand g1 g2 ȳ f¯, activating the 3′ end (step 5).
The released hairpin from step 4 can now cleave a1 from ā1 using the toehold p, which is half of the base pad
binding of the upstream meta-nucleotide, while the other half b̄1 of the base pad binding is cleaved from b1
via the toehold p by the sequence p̄b1 (which is part of the previously incorporated meta-nucleotide) (step 6).
Note that cleaving the bond between b1 and b̄1 is actually a reversible process, and could have occurred after
step 1. Only when combined with the cleaving of the bond between a1 and ā1 does it get biased towards
the configuration depicted in step 6. This completes the addition of a single meta-nucleotide accompanied
by cleaving of the upstream meta-nucleotide. The process repeats till the last meta-nucleotide is added at
which point the short base sequence of ā3′ b¯3′ allows the ssmDNA to separate due to breathing. Both the
separate ssmDNA are in a configuration that allows them to act as template strands for further replication,
allowing exponential amplification of mDNA.

Figure 17: Replication: Step 1: A four meta-base mDNA sequence, with the first and last bases being the
special terminator bases. Step 2: A meta-nucleotide with an active unbound base pad comes in and binds to
the template via the sequence b2 a2 , strand displacing out the subsequences p̄b2 and b̄2 . Step 3: The strand
f x̄b2 now strips away b̄2 xf¯ via the toehold b̄2 , activating the 5′ pad of the incoming meta-nucleotide

Figure 18: Replication: Step 4: the 5′ pad f g1 g2 binds with the 3′ pad ḡ2 ḡ1 f¯, displacing ḡ2 ḡ1 and opening
up the hairpin structure p̄ā1 l. Step 5: The strand f yḡ2 ḡ1 is stripped away through the toehold ḡ2 ḡ1 by the
strand g1 g2 ȳ f¯, activating the 3′ end. Step 6: The released hairpin from step 4 can now cleave a1 from ā1
using the toehold p, which is half of the base pad binding of the upstream meta-nucleotide, while the other
half b̄1 of the base pad binding is cleaved from b1 via the toehold p by the sequence p̄b1 (which is part of the
previously incorporated meta-nucleotide)

