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1 The terminology of “catassembly”

In 2014, learning from catalysis for chemical reactions, we coined the term of “catassembly” in
molecular assembly.’ Quoted from that review, “we suggest “catassembly” as an abbreviation of
catalysed-assembly, as it combines the words “catalysed” and “assembly”, has a set of syllables
that can be read easily, and identifiably retains the Greek root “cat-” of catalysis. In addition, the
noun form is defined as: a catassembler is a substance (or a group of substances working
synergistically) that increases the rate of an assembly process without modifying the overall
standard Gibbs energy change; the process is called catassembly. The corresponding verb and
adjective forms are catassemble and catassembled. This series of terms will completely avoid any
confusion with supramolecular catalysts and noncovalent catalysts.”

At that time, we didn’t know that the Greek prefix “cata” carries meaning of “down”, “against”,
and “back”, which conflicts with the “assembly”. Interestingly, same stories happened in the history
of catalysis. The “catalysis item was first coined by Jons Jakob Berzelius (1779-1848), comes from
the Greek words “kata” meaning down and “lyein” meaning loosen.? Initially, the term “catalysis”
was mainly associated with decomposition reactions, for example, the decomposition of starch to
glucose. This historical association has led to the continued use of the term “catalysis”, despite its
broader application to various types of reactions, for example, polymerization. Therefore, we
reasonably argued that in modern chemistry, when the word “cata” pops up, the concept is always
related to “catalysis”, “catalysed”, “catalyst” and “catalytic”. The “cata” in our concept is an
abbreviation for “catalysed”.

In our 2014 paper, we highlighted the ability of catassemblers to accelerate.! However, we
gained deeper insight into the complexity of assembly pathways, realizing that selectivity is
another important feature of catassembly. Therefore, in this review we define catassemblers as
molecules that can accelerate and control molecular assembly and are not incorporated in the final

product.

2 Can catassembly called “chaperoned assembly”?

The concept of chaperone is well-known in biology. One may wonder can the catassembly called
chaperoned assembly. As discussed in part 4 of the main text, the disassembly and reassembly are
quite important in biological assembly systems. For instance, the disassembly of nucleosome
facilitates transcription, while the reassembly inhibits it. The catalysed assembly, disassembly and
reassembly all share a common mechanism in which assisting agents facilitate the formation or
disruption of noncovalent interactions. In these cases, the term “chaperoned” may not be entirely
appropriate, as “chaperone” typically conveys positive functions.

Compared to chaperone, catalysis is more commonly recognized by chemists. Therefore, in the
context of the assembly process, “catalysed assembly” is equal to “chaperoned assembly”. Instead,

for other processes, the term “catalysed disassembly”, “catalysed reassembly” or “noncanonical
catassembly” might offer a more accurate description.

3 Can the whole system with catassemblers involved be thought as self-assembly?

The most acceptable definition of self-assembly is given by Whitesides and his colleagues “Here,
we limit the term to processes that involve pre-existing components (separate or distinct parts of a
disordered structure), are reversible, and can be controlled by proper design of the components.
“Self-assembly” is thus not synonymous with“formation.”” Traditionally, the study of self-assembly
focuses on the design of building blocks and assembling them into the final structures. Many



researchers in this field conventionally equate “components” with building blocks, often
overlooking species that play other roles in the system.

As stated in the main text, living organisms could be viewed as “self-assembly” as a whole system.
However, when we focus on the kinetic process of assembly and regulation strategies, the concept
of catassembly becomes indispensable. The unbounded use of the concept of self-assembly has
led to a kind of inertia thinking, that as long as the assembly building blocks are well designed,
mixing them will give the desired assembled products. Unfortunately, due to the lack of precise
regulation of the self-assembly process, the finally obtained assemblies are often not the expected
products. Such an approach encounters greater challenges in multi-component assembly systems,
people have to rely more on the self-sorting processes to obtain target products. In the Chem. Soc.
Rev. paper published in 2014, we mentioned that the overreliance of “self” has limited the
development of this field.! In 2019, a perspective from E.W. Bert Meijer’s group also echoed this.*

What’s more, although the catassembler and the subunits are in one system, the clear definition
of catassembly and catassembler are still needed. The classification of catalyst and reactant in
chemical reaction have greatly change the research of chemical reactions. Like that, making clear
distinctions between assisting species and subunits will also help the development of molecular
assembly. We believe that a new concept will help us exert more precise and efficient control over
the assembly process, thereby constructing complex assembly systems with multi-component and
hierarchical structures.

4 Can solvent be regarded as catassembler?

This review primarily focuses on catassembly in living organisms, which predominantly occurs in
aqueous environments. Therefore, we have omitted a discussion on solvent effect in this review.
However, in synthetic systems where various solvents are used, the question of whether a solvent
can be regarded as a catassembler will rise.

Solvation effects can lower reaction barrier, change reaction pathways, accelerate reactions.
Although these features are quite similar to catalysts, solvent is not usually called a catalyst in
chemical reaction. The main reason is that solvation effects often lack selectivity, while specifically
designed catalysts have definite active sites with substrates, generate intermediates with definite
structures, and have high selectivity. In addition, the accelerating effect of solvents on reactions is
usually far less than that of catalysts, and they exist more as the medium of the reaction, controlling
the mass transfer and diffusion of each component. Of course, there are also studies that have
clearly observed solvent molecules participating in forming the intermediate of the reaction, co-
catalysing the reaction, in which case the solvent molecules can also be called catalysts.®

Unfortunately, the boundary between solvent effects and catassembly may be more blurred,
because both solvent molecules and catassemblers regulate molecular assembly via non-covalent
interactions. However, like catalysis, we also emphasize the selectivity of catassemblers. Higher
binding constants are often a prerequisite for high selectivity, catassemblers should be designed to
have relatively strong binding affinity with the substrate, or have definite active sites, forming
intermediates with specific structures, and thereby regulating the assembly process. However,
there are indeed transitional zones as well. When the binding between the catassembler and the
substrate is weak, its role may be intermediate between a solvent and a catassembler. In the 2014
paper, we also introduced another category known as assisted-assembly.! Catassembly is a subset
of assisted-assembly. Assembly processes that involve assisting species but without clear features
of catassembly can be categorized into assisted-assembly.



5 Is dialysis-assisted assembly catassembly?

In biochemical experiments, denaturing chemicals such as guanidine hydrochloride and urea are
often used to unfold proteins.® Removing these denaturing chemicals through dialysis can facilitate
the refolding of proteins. Similarly, a large amount of formamide can inhibit the intrachain folding
of DNA. Removing formamide by dialysis can induce the formation of DNA origami structures.”
Since the denaturing chemicals added lack selectivity for DNA or protein, we tend to think this
process is closer to an assisted assembly process by changing the assembly environment under
external force.

6 The limitations of catassembly

Catassembly is a novel concept currently under exploration. It cannot be considered the
“ultimate answer” to molecular assembly. Briefly, catassembly is not as straightforward as self-
assembly and may cost additional energy. The introduction of catassemblers to the system
increases the complexity of the system paradoxically. Catassembly systems usually involve the
synergistic integration of multiple interactions across multiple sites. Subunits within catassembly
are typically characterized by their ability to undergo inducible structural changes. The catassembly
processes are often mediated by intricate and transient intermediates. These complexities pose
great challenges in the study of catassembly. However, certain functional assemblies cannot be
obtained without catassemblers under complex environment like cells. Catassemblers also
enhance the ability to control the system by deciding when, where and how the assembly begins.
For example, histone chaperones and remodelers determine the specific chromatin structure at a
precise time and location, thereby regulating cell fate during differentiation. While there are
currently only a few reports on artificial catassembly, living organisms possess abundant
catassembly systems. Therefore, it is necessary to summarize and analyze biological catassemblies
to understand their mechanisms and apply this knowledge to artificial catassembly. The study of
catassembly presents significant challenges but also offers opportunities for the development of
complex assembly systems. Additionally, the study of catassembly provides a possible bridge
between the realms of chemistry and biology.
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