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Macromolecular information transfer can be defined as the process by which a coded monomer sequence is communicated from one macromolecule to another. In such a transfer process, the information sequence can be kept identical, transformed into a complementary sequence or even translated into a different molecular language. Such mechanisms are crucial in biology and take place in DNA!DNA replication, DNA!RNA transcription and RNA! protein translation. In fact, there would be no life on Earth without macromolecular information transfer. Mimicking such processes with synthetic macromolecules would also be of major scientific relevance because it would open up new avenues for technological applications (e.g. data storage and processing) but also for the creation of artificial life. In this important context, this minireview summarizes recent research about information transfer in synthetic oligomers and polymers. Medium-and long-term perspectives are also discussed.

Introduction

Life cannot proceed without information. [1] Indeed, the characteristics of all known living terrestrial organisms are encoded in genes, which are sequence-defined informational polymers. [2] Yet, the purpose of genes is not only to store information. Genes can be permanently altered (i.e. mutations), reversibly-modified (i.e. epigenetics) and copied. Furthermore, as long as the host organisms are alive, genes are regularly expressed to produce functional proteins. All this biological machinery requires molecular mechanisms for information transfer such as replication, translation and transcription.

Applying such biological principles to synthetic molecules has been a dream for chemists for many years. Mimicking important biological features such as biocatalysis [3] and replication [4] is a central topic for decades in organic synthesis and supramolecular chemistry. However, most of this research has been dedicated to small molecules and attempts for developing life-inspired macromolecular systems are quite rare. [5] In recent years, the information storage principle (i.e. sequence control) of biological polymers has been mimicked in a wide variety of synthetic polymers. [6] Such informational macromolecules have been proven to be useful in a variety of applications, including molecular data storage, [7] cryptography [8] and traceability applications. [9] Still, in all these examples, information is stored passively into the macromolecules and is not processed or transferred. As underlined in a recent essay, [5] there are currently no synthetic polymer enabling fast and reliable information transfer as it is occurring in biological systems. However, achieving such a property could be a major discovery that could have implications for applied chemistry but also for the development of artificial Life. In this context, the aim of this minireview is to summarize and critically analyze the efforts that have been made towards macromolecular information transfer.

General Mechanisms

Figure 1 shows some possible mechanisms for macromolecular information transfer. The presented situations are theoretical and are not necessarily existing in natural or synthetic systems. Two main mechanisms can be considered for information transfer, i.e. with or without molecular contact. In the contact mechanism (Figure 1a), a sequencedefined parent strand acts as a template to guide the synthesis of a daughter strand. This situation is the most familiar to chemists because it is the one selected by nature for genetic information transfer, [10] as described in the following section. Yet, several versions of such a mechanism can be imagined. In the simplest case (i), the parent strand is copied into an exact replica containing the same information sequence. This implies that the coded monomers selfassociate to guide the synthesis of the daughter strand. Alternatively, the coded monomers may interact through complementary AÀ B interactions, as schematized in (ii). Hence, the parent!daughter information transfer leads to the formation of a complementary sequence. In some other situations, the parent and daughter strands may also have different molecular structures. For instance, the original informational polymer may be transcribed into a related macromolecule with slightly different backbone or coding monomers. Such a transcript can be attained through the formation of twin or complementary monomer pairs, as schematized in (iii) and (iv). Furthermore, as described in (v), the sequence of a parent strand may be translated into a completely different informational macromolecule, i.e. having unrelated backbone chemistry and coding alphabet. In all these contact mechanisms, the two strands can be in direct contact through covalent and/or non-covalent interactions but they can also be associated with the help of intermediate molecules.

From a purely theoretical point of view, it is also possible to transfer information from one macromolecule to another without having any contact between them (Figure 1b). This, of course, can be achieved at the macroscale using a computer or a human brain as intermediate. Yet, it would also be interesting to achieve autonomous contact-free mechanisms at the molecular scale. An informational sequence can first potentially be transformed into a physical-(e.g. electrical, optical) or chemical-(e.g. ligands, ions) signal with the help of a molecular transducer. This can be attained, for example, with a nanopore that transforms a coded macromolecular sequence into an electrical signal. [11] Afterwards, the transmitted signal can be exploited for the synthesis of a sequence-defined macromolecular replicate; for example with the help of processive catalysis. [12] Although never achieved, such a contact-free mechanism may potentially also lead to macromolecular information transfer. Yet, it deals more with signal transduction rather than classical molecular replication.

Information Transfer in Biology

Even though the focus of this minireview is mainly on synthetic polymers, the purpose of this first section is to describe how macromolecular information transfer proceeds in biology. Indeed, since most of the synthetic systems described in the following pages are bio-inspired, it is useful to remind briefly how things work in nature. Yet, only a general summary is provided here and more detailed University (2001-2003), leader of the research group Nanotechnology for Life Science at the Fraunhofer Institute for Applied Polymer Research (2003-2010), and leader of the Precision Macromolecular Chemistry group at the Institut Charles Sadron (2010-2022). His research interests include the synthesis of sequence-controlled polymers and the design of informational polymers. In 2018 he received the Silver Medal of the French CNRS and in 2022 was appointed as a Senior distinguished member of the French Chemical Society. Comparable situations may also be obtained with expanded alphabets. For simplicity purposes, chain directionality (i.e. parallel versus antiparallel parent-daughter association) is also not considered in this Figure . a) Mechanisms involving molecular contact between parent and daughter strands: (i) Formation of a twin daughter strand that is an exact replica of the parent strand; (ii) Formation of a complementary strand driven by the association of complementary monomer pairs. (iii, iv) Examples of daughter strands, in which the informational chemistry of the parent strand is transcribed into a related alphabet. The molecular structure of the backbone and some letters of the alphabet may be changed in the process (e.g. B!C). v) Translation of a parent strand into an informational daughter strand with a fully different backbone and X/Y coding chemistry. b) Macromolecular information transfer without molecular contact. In such cases, the informational chemistry of the parent strand is transduced to the daughter strand through the formation of a physical or chemical message.

information can be found in classical textbooks. [10] Nucleic acids such as DNA and RNA are informational macromolecules because they store genetic information. This information is written using four monomers (ATGC for DNA and AUGC for RNA). Furthermore, nucleic acids can transfer their information through three main mechanisms: replication, transcription and translation.

Replication is an information transfer from a parent DNA chain to a daughter strand. It relies on the complementary association of base pairs AÀ T and GÀ C. Consequently, the formed daughter strand has a complementary sequence, as compared to the initial strand (mechanism (ii) in Figure 1a). Yet, since natural DNA exist under the form of a double-stranded complementary duplex, the replication of the two parent strands (parents 1 and 2) results in the formation of the exact same duplex (i.e. daughter 1 has the same sequence as parent 2 and daughter 2 has the same sequence as parent 1). Although nucleobases are crucial recognition motifs that ensure molecular contact between parent and daughter strands, phosphate and pentose ring of the repeat units also play an important role in the process. [13] Replication is enabled by enzymes including polymerases, helicases and ligases and is overall highly reliable. However, it has been achieved through a very long evolutionary process and it is therefore restricted to a limited set of molecules. [14] In other words, even subtle variations from the canonical reaction conditions can influence the fidelity of enzymatic replication. [15] While replication allows to copy information, transcription is an information transfer from DNA to messenger RNA, which acts as a mediator between the genetic storage medium (i.e. DNA) and the ribosomal machinery that synthesizes proteins. In this process, the backbone of the daughter strand contains ribose repeat units and therefore differs from the deoxyribose-based parent strand. Furthermore, the coding alphabet of mRNA is slightly different from the one of DNA since it contains uracil units instead of thymine. Information transfer is therefore based on the complementary base pairs AÀ U, TÀ A and GÀ C. Overall, the transcription process selected by nature corresponds to mechanism (iv) in Figure 1a.

Finally, the translation of mRNA into protein sequences is more than a simple data transmission. Indeed, in such a process, the information content of the parent strand is transformed into a different molecular language, as schematized by mechanism (v) in Figure 1a. For instance, the 4symbols alphabet of mRNA is translated into the 22 aminoacids of proteins. Such a transformation is made possible by transfer RNAs that contain both nucleobases (that associate with the mRNA parent strand) and amino acids (that polymerize into the daughter strand). The molecular translation is enabled by the classical codon system, in which a triad of nucleobases codes for a given amino acid or stop instruction. The codon system is probably one of the many reasons why evolution retained a quaternary code for genetic polymers. Indeed, trimer codons based on a 4symbols alphabet lead to 4 3 = 64 translation possibilities, which largely covers the 22 proteinogenic amino acids. In comparison, with a binary alphabet, pentamer codons would be needed to cover all situations (2 5 = 32), which probably would be less practical.

Replication of DNA, RNA, XNA, and Peptides

The natural information transfer mechanisms described in section 3 proceed in biological medium and in the presence of enzymes or ribozymes. Their discovery inspired chemists for developing artificial molecular replicating systems in laboratory conditions; in particular, in the absence of biocatalysts. Most of this research has been conducted with natural or altered biopolymers, such as DNA, RNA, XNA and peptides. These approaches are described in seminal reviews under the generic names "molecular replication" or "non-enzymatic replication". [4,16] One of the first example of non-enzymatic templatedirected syntheses of oligonucleotides was reported by Naylor and Gilham in 1966, who synthesized thymidine homo-oligomers of various chain-length using complementary polyadenylic acid as a template. [17] Afterwards, numerous examples have been reported, in particular by Orgel who has extensively studied the synthesis of oligonucleotides on DNA or RNA templates. [18] However, early examples dealt mainly with the synthesis of homo-oligomers, in which the information content is limited. [19] The first convincing example of non-enzymatic templated synthesis of a sequence-defined strand was reported by Orgel and co-workers in 1984. [20] Following nature's strategy, a complementary daughter strand was synthesized in this example (mechanism (ii) in Figure 1a). However, its catalytic behavior was not demonstrated. This was later achieved by von Kiedrowski who described the autocatalytic replication of a sequencedefined hexanucleotide. [21] Similar concepts have also been investigated with socalled xeno nucleic acids (XNA), which have backbones that differ from those of natural DNA and RNA. [22] A particular attention has been paid to peptide nucleic acids (PNA) that are consisted of a peptide backbone with pendant nucleobases. [23] Shortly after the first studies about the hybridization of PNA with DNA or RNA, [24] PNA was tested as a template for information transfer to RNA. [25] The opposite situations RNA!PNA and DNA!PNA were also investigated, [25,26] although these studies resulted in low transcription efficiency. This situation was later improved by Liu and co-workers who have shown that it is possible to connect short sequence-defined PNA oligomers via DNAtemplated reductive amination. [27] Alternative polymerization concepts such as sequence-selective base filling were also described for PNA!PNA information transfer. [28] Apart from classical PNA, other families of XNA have been investigated for macromolecular information transfer. Holliger and co-workers have recently summarized the potential of different synthetic nucleic acids with artificial base pairs to be enzymatically synthetized, to be amplified via the PCR technique, as well as to participate in replication, transcription and translation both in vitro and in vivo. [29] For example, it was shown that the development of specific polymerase variants allows information transfer from DNA to hydrohexitol, cyclohexenyl, locked and threofuranosyl nucleic acids. [30] Furthermore, the use of XNA as mediator for reverse transcription of DNA (DNA!XNA!DNA) has been assessed. [30,31] Besides nucleic acids, the replication of peptides was also studied, [32] even though such events do not take place in nature. For instance, Ghadiri and co-workers have used leucine zippers, which are dimers of two α-helical peptide chains, to achieve peptide self-replication. [33] In this case, a 32-mer parent strand was used as a template to catalyze the ligation of 15-mer and 17-mer sub-oligomers. The daughter strand is an exact clone of the parent strand and has therefore the same amino acid sequence (mechanism (i) in Figure 1a). The product then becomes a part of the autocatalytic cycle to promote further peptide fragments condensation. Based on this finding the authors suggested the possibility of self-replication of proteins with the conservation of enzymatic activity. Yet, in terms of information transfer, this example remains limited since the reactive 15-mer and 17-mer sub-oligomers contain long preformed information sequences.

Information Transfer in Synthetic Polymers

The purpose of this section is to describe recent advances for achieving macromolecular information transfer with synthetic systems. It therefore focuses on manmade molecules that can store several bits of information; i.e. oligomers or polymers that are composed of at least a few monomer units. Thus, the self-replication of small molecules is intentionally kept out of the scope of this section. Numerous contributions have been made to this field and detailed information can be found in comprehensive reviews. [34] 

Artificial Hybridization and Replication

Supramolecular Strand Association

As described in section 3, replication and transcription rely on the complementary association of nucleobases, which is a recognition process involving hydrogen bonds. In other words, macromolecular information transfer is due to supramolecular strand association. Significant effort has been made to achieve similar processes with synthetic oligomers. The first step in this direction is the formation of perfectly-matching supramolecular duplexes between complementary synthetic strands. [START_REF]Hybridization shall be distinguished from conventional polymer-polymer complexation, in which several polymer chains interact via random non-covalent interactions[END_REF] Interesting examples have been reported using H-bond strand association, i.e. by mimicking the main strategy of nature. For example, Hunter and co-workers have described several examples of synthetic dimers stabilized by H-bond recognition. [37] Such situations can be obtained using self-complementary [37b] (i.e. a single type of strand that forms a supramolecular dimer) or complementary strands [37a] (i.e. two distinct strands with complementary structures). Comparable examples have been reported by other groups. For instance, Lehn and coworkers have described double helices formed through the self-recognition of pyridine-amide units. [38] Yet, H-bonds are not the only type of supramolecular interactions that can be used to drive duplex formation. In an early publication, Lehn and co-workers have demonstrated that metal-ligand interactions can also be exploited for that purpose. [39] Another efficient supramolecular motif for inter-strand recognition are salt bridges that have been used by Yashima and co-workers for double-helix formation. [40] However, in most of these examples, the strands were homopolymers and did not contain sequence-coded information. Some of the very first examples of duplexes involving defined informational sequences have been reported by Gong and co-workers. [41] They developed oligoamides with defined sequence of H-donors an H-acceptors that form duplexes with a complementary strand. [42] Lehn and co-workers have prepared sequence-defined oligomers containing bidentate bipyridine and tridentate terpyridine ligands and described that they are able to form sequencespecific duplexes by binding metal ions with corresponding coordination numbers. [43] Among other research on the topic, [44] the work of Hunter and co-workers shall be highlighted. These authors have developed different families of synthetic sequence-defined duplexes using various types of backbones and supramolecular recognition units, [45] and in particular have studied in details the competition between duplex formation and intramolecular folding. [46] Beyond duplex formation, very few studies describe macromolecular information transfer based on supramolecular associations between synthetic strands. One example was reported very recently by Hunter and coworker using supramolecular salt bridges Figure 2). [35] That system was designed to synthesize an exact copy of the parent strand (mechanism (i) in Figure 1a). One crucial aspect in supramolecular strategies is that the non-covalent associations between the monomers and the parent strand are strong enough to be stable in the dilute conditions used for daughter strand polymerization. This condition was verified in this example and it was reported that the daughter strand was obtained as the major product. Yet, it was underlined that this strategy is overall less efficient than some of the covalent approaches described in the following section.

Covalent Strand Association

Supramolecular interactions are sensitive to external parameters such as pH, temperature, ionic strength and concentration. For those reasons, dynamic covalent bonds, [47] which are more robust but easily breakable in mild conditions, appear as an interesting alternative for macromolecular information transfer. One of the earliest examples of a synthetic duplex stabilized by dynamic imine bonds was reported by the group of Moore using molecularly-defined phenylacetylene matching strands. [48] However, it was observed in this work that, above a critical strand length, the formed ladder coexist with a large amount of undefined high-molecular weight aggregates. More recently, Scott and co-workers have exploited dynamic imine bonds to obtain defined molecular ladders from complementary peptoid strands bearing aniline and benzaldehyde side-chains. [49] Interestingly, this strategy was used shortly after for the preparation of sequence-specific duplex. [50] Informational polymers capable of undergoing dynamic imine bonds have also been reported by Szostak and co-workers. [51] The solidphase synthesis of sequence-defined oligoarylacetylenes with aniline and benzaldehyde side-groups was described [51b] and the competition between intramolecular folding and duplex formation was explored. [51c] Perhaps more importantly, together with Prywes, these authors have studied replication and information transfer in oligoarylacetylenes. [51a] They have synthesized dimers, in which information is encoded by aniline and benzaldehyde sequences. As shown in Figure 3, such dimers form complementary duplexes which can be successfully replicated with the use of Sonogashira cross coupling to connect the monomer units. In such a process, the two strands of the parent duplex are copied into complementary daughter strands. In a sense, this mechanism is comparable to the replication of doublestranded DNA described in section 3.

Although dynamic covalent chemistry has demonstrated its potential for artificial information transfer, the intrinsic properties of such reactions bring up certain limitations. This is linked to the existing equilibria between different competing structures, such as a template with pre-organized building blocks vs a folded template or a template with only partially bound building blocks. The group of Hunter has addressed such limitations in a recent overview and highlighted the advantages of using conventional covalent chemistry for more reliable recognition in artificial macromolecules. [52] For instance, they have suggested to use ester chemistry as a recognition pattern for the synthesis of a complementary copy of an oligomer. [53] In this approach, molecular recognition was facilitated by phenol and benzoic acid moieties attached to oligotriazoles obtained via coppercatalyzed azide-alkyne cycloaddition (CuAAC). The authors have shown that it is possible to isolate the complementary copy and recover the template by hydrolyzing the ester bonds. A hybrid situation, in which the duplex is formed via H-bonds templating with the use of a covalent primer has been very recently reported by the same authors. [54] A complementary copy of a parent triazole trimer was obtained through this strategy (mechanism (ii) in Figure 1a). The covalent primer (i.e. first unit of the complementary sequence) was first attached to the template and was used to guide the attachment of a H-bond-forming dimer (i.e. additional units of the complementary sequence).

Artificial Translation

In all examples discussed in section 5.1, the chemical nature of the parent and daughter strands is the same, which resembles replication and to some extent transcription of biological polymers. To our knowledge, there is currently no reported example of translation-like mechanisms (mechanism (v) in Figure 1a) involving fully synthetic parent and daughter strands. However, sequence-defined biological templates such as peptide and nucleic acids has been studied for the preparation of synthetic polymers. Attempts for translating the information sequence of peptide templates to synthetic polymers have been so far restricted to small model molecules. [START_REF] Ouchi | Sequence-Controlled Polymers: Synthesis, Self-Assembly, and Properties[END_REF] Yet, DNA-templating was more broadly applied for the preparation of synthetic polymers. Most examples deal with the synthesis of polymers that are not sequence-defined, thus not informational, and are therefore not discussed in this minireview. [56] Still, in some cases, nucleic acids have been used to template the synthesis of sequence-defined polymers. [START_REF] Chen | Sequence-Controlled Polymers[END_REF] In these approaches, information transfer from parent to daughter strand is not directly mediated by nucleobase recognition (this would lie in the broad category of XNAs discussed in section 4), but using other concepts. For instance, Schuster and co-workers have exploited the major groove of DNA double-stranded duplexes to synthesize molecularly-defined conducting oligomers. [57,59] In this strategy, synthetic building blocks are covalently immobilized on DNA nucleobases and polymerized enzymatically. Horseradish peroxydase-mediated oxidative polymerization, guided by DNA-templating, was used to synthesize copolymers with defined sequences of aniline and benzene units. [59b] A comparable strategy was used afterwards for the synthesis of sequence-defined polymers containing aniline and 2,5-bis(2-thienyl)-pyrrole. [57] As schematized in Figure 4, before polymerization, the aniline building blocks are covalently attached to one strand of the DNA duplex, whereas the pyrrole building blocks are attached to the other strand. Consequently, the information that is transferred to the conducting daughter strand comes originally from two parent strands.

Liu and co-workers have also developed strategies for macromolecular translation. [60] They have first described a DNA-walker that enables translation from a DNA strand into a peptide chain. [60a] In a later work, the authors translated DNA sequences into synthetic copolymers using PNA-adapters (Figure 5). [60b] In this strategy, the role of the PNA adapters can be compared to the one of transfer RNAs in biology (see section 3) since they act as intermediates between the parent and daughter strands. Moreover, a bio-inspired codon system was used in this approach. Indeed, each PNA adapters carry a sequence of five nucleobases and one synthetic building block. Consequently, five coded bits of the parent informational sequence result in the incorporation of one coded bit in the daughter strand. Ultimately, the daughter strand can be separated from the adapters due to the use of cleavable disulfide linkers.

Molecular machines are also relevant for macromolecular information transfer. In a sense, the interlocked architecture described by Leigh and co-workers can be seen as a translation machine because it allows translation from a synthetic track into a peptide strand. [61] This system is conceptually close to some covalent replication approaches developed by Hunter (see section 5.1.2). The main difference between both strategies is somehow the way the daughter strand is polymerized. Nevertheless, in the approach reported by Leigh and co-workers, there is no parent strand per se, because the synthetic track contains the amino acids from the very beginning and was not described as a bare informational macromolecule.

Outlook

The objective of this Minireview was to describe and classify recent synthetic efforts leading to macromolecular information transfer. As described in the previous pages, substantial progress has already been achieved. However, on the whole, manmade strategies are far from optimal. Three main criteria shall be considered to assess the quality of macromolecular information transfer: (i) efficacy, (ii) exponenntially and (iii) informational content. Efficacy can simply be assessed by estimating the yield of the formed daughter strands with correct sequence (i.e. excluding defects with truncated sequences). Based on that criterion, most of the systems described herein are valid, even though some of them lead to low or moderate yields. Exponentiality reflects the fact that a formed daughter strand may catalyze the synthesis of further macromolecular copies. Here, manmade systems remain overall rather limited because of the dissociation of parent-daughter duplexes and other limitations. Yet, together with molecular mutations, [2b] autocatalytic replication of informational polymers remains one of the keys toward open-ended chemical evolution. [62] Information content can be quantified as the number of bits that is transferred from one macromolecule to another. That number is not necessarily equal to the number of monomers in the parent sequence, since information density can be in some cases higher than 1 bit/monomer. [6b] Nevertheless, that criterion is currently the most limiting one in manmade systems. In most of the examples described above, the transferred information content is minimal (i.e. at the scale of 2 or 3 bits). In other words, these proofs-of-concept deal mainly with oligomers rather than real informational polymers. Therefore, one of the major targets of the field in the future will be to develop strategies for transferring longer informational sequences.

To achieve further progress in the field, biology can of course be used as a source of inspiration, which is actually already the case in most works described herein. As described in section 3, macromolecular information transfer proceeds with very high efficiency in nature. However, there are still large differences between biological and manmade mechanisms. One of them is the efficiency of biocatalysis, which is much higher than in most human approaches. Furthermore, macromolecular information transfer is not an isolated process in biology but occurs in a complex environment (i.e. as a part of a complex system). These considerations may guide further research on this topic. Yet, one potential limit is to mimic biological concepts too closely and to design artificial macromolecules that remains conceptually and structurally very close to biological polymers (e.g. XNA). Indeed, future breakthroughs in the field may also result from approaches that are very different from the solutions selected by nature.
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 1 Figure 1. Some possible mechanisms for macromolecular information transfer. The examples shown here are only presented for a 2-symbol A/B molecular alphabet. Comparable situations may also be obtained with expanded alphabets. For simplicity purposes, chain directionality (i.e. parallel versus antiparallel parent-daughter association) is also not considered in this Figure. a) Mechanisms involving molecular contact between parent and daughter strands: (i) Formation of a twin daughter strand that is an exact replica of the parent strand; (ii) Formation of a complementary strand driven by the association of complementary monomer pairs. (iii, iv) Examples of daughter strands, in which the informational chemistry of the parent strand is transcribed into a related alphabet. The molecular structure of the backbone and some letters of the alphabet may be changed in the process (e.g. B!C). v) Translation of a parent strand into an informational daughter strand with a fully different backbone and X/Y coding chemistry. b) Macromolecular information transfer without molecular contact. In such cases, the informational chemistry of the parent strand is transduced to the daughter strand through the formation of a physical or chemical message.

Figure 2 .

 2 Figure 2. Example of macromolecular information transfer involving supramolecular associations between the parent and the daughter strand:(i) attachment of complementary motifs, (ii) polymerization of the daughter strand, (iii) strands separation. Redrawn and adapted from Ref.[35].

Figure 3 .

 3 Figure 3. Replication of information-containing oligoarylacetylene. (i) Formation of a diimine duplex by recognition of complementary sequences. (ii) Addition of monomers A and B breaks the duplex and lead to sequence-specific associations between the monomers and the parent strands. (iii) Polymerization of the templated monomers leads to two daughter copies of the original duplex. Redrawn and adapted from Ref. [51a].

Figure 4 .

 4 Figure 4. Schematized representation of the double-stranded DNA templating strategy used for the synthesis of sequence-defined conducting polymers. Redrawn and adapted from Ref. [57].

Figure 5 .

 5 Figure 5. Translation of a DNA sequence into a synthetic copolymer. a) Schematized representation of the interaction between a PNA adapter and the DNA template. b) Example of a PNA adapter bearing an oligo(ethylene glycol) building block. Redrawn and adapted from Ref. [60b].
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Macromolecular Information Transfer

The transfer of information from one macromolecule to another is a cornerstone of heredity, evolution, and Life. However, it is very difficult to achieve comparable mechanisms with manmade polymers. So far, artificial replication has mainly been demonstrated with small molecules with low information content. Here, we describe and categorize recent efforts that have been made to achieve macromolecular information transfer with synthetic polymers.