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Abstract 

The advent of recombinant protein-based therapeutic agents in the 1980s and subsequent waves of innovation 
in molecular biology and engineering of biologics has permitted the production of an increasingly broad array of 
complex, high molecular weight constructs. While this has opened a powerful new toolbox of molecular scaffolds 
with which to probe and interdict biological processes, it also makes deciphering the architectural nuances between 
individual constructs intuitively difficult. Key to downstream data processes for the detection of data trends is the abil-
ity to unambiguously identify, compare, and communicate the nature of molecular compositions. Existing small mol-
ecule orientated software tools are not intended for structures such as peptides, proteins, antibodies, and RNA, and 
do not contain adequate atomistic or domain-level detail to appropriately convey their higher structural complexity. 
Similarly, there is a paucity of large molecule-focused data analysis and visualization tools. This article will describe 
four new approaches we developed for the graphical representation and analysis of complex large molecules and 
experimental data. These tools help fulfill key needs in scientific communication and structure-property analysis of 
complex biologics and modified oligonucleotide-based drug candidates.
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Introduction
Central to drug development processes is the design, 
make, test, and analyze iterative scientific cycle (Fig.  1). 
Efficient data analysis and downstream information dis-
semination workflows surrounding this cycle necessitate 
standardized methods for the unambiguous identification 

and representation of unique molecular entities, regard-
less of the level of structural complexity. The advent of 
modern computation and data processing reduced to 
practice the precise characterization of small molecule 
structures through the ability to generate standard-
ized line notations and accompanying structural depic-
tions. Most notably, indexable formats such as SMILES 
notation (Weininger 1988) or InChI strings (Heller et al. 
2015) encode comprehensive atomistic, structural, stere-
oisomeric, and tautomeric substance attributes of small 
molecules into compressed forms for efficient storage 
and searching within computerized systems. However, 
comparable methods for large molecules such as pep-
tides, proteins, antibodies, and RNA (5000–>150,000 Da) 
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have remained largely inadequate and often rely on rudi-
mentary text-based methods.

A contributing reason for capture and storage of 
large molecule entities as simple text strings containing 
only the primary sequence is the vastly higher struc-
tural complexity of such entities versus small molecules 
(Brinkmann and Kontermann 2017). Important identify-
ing features of large molecule entities may be indicated 
through user-generated text labels, though such idi-
omatic names are not indexable for easy searching and 
hamper a common understanding of molecule compo-
sition. Additionally, attempts toward a universally rec-
ognized system for the nomenclature and terminology 
of engineered large molecules, such as IUPAC for small 
molecules (International Union of Pure and Applied 
Chemistry 2022), have not gained widespread adop-
tion (Siani et al. 1994; Siani et al. 1995; Sweet-Jones et al. 
2022; David et  al. 2020). HELM, the Hierarchical Edit-
ing Language for Macromolecules, is arguably the most 
advanced entry in this area (Zhang et  al. 2012; Pistoia 
Alliance 2023). While the HELM language has gone the 
furthest toward establishing a common standard nota-
tion, the accompanying graphical depictions are unwieldy 
for non-experts to interpret and do not intuitively reflect 
the two-dimensional compositional details of biomol-
ecules. Thus, standardized, and extensible methods to 
encode large molecule compositions and subsequently 
generate graphical depictions of their two-dimensional 
architectures would be a valuable addition to biopharma-
ceutical drug development processes.

As such, we sought to develop four new informatic 
methods in this area: (1) a universal and lightweight solu-
tion to generate miniaturized versions of large molecule 
structures; (2) automated rendering of interactive graph-
ics with depiction of key structural details for engineered 
large molecules; (3) a visual language to digitally generate 

schematics for the design of chemically modified siRNA; 
and (4) high-density data visualization interfaces for 
structure–property correlations of large molecule opti-
mization data. These four informatic technologies facili-
tate the communication, interpretation, and analysis of 
highly engineered biotherapeutics among scientists and 
their external information consumers.

Method 1: BioFonts
A common feature in conventional representations of 
large molecule schematics is a lack of visual standardiza-
tion. While there has been a recent notable entry in gen-
erating professional quality scientific figures (Biorender 
2022), paywall restrictions and icon library limitations 
restrict broad access or free usage beyond educational 
purposes. An ability to dynamically generate uniform 
representations of large molecules without such limita-
tions would thereby establish universal understanding 
between scientist inventors and their information part-
ners. Consequently, we devised “BioFonts” as an Open-
Type font technology based on alphanumeric character 
strings that encode biomolecular domains into a suite 
of graphical objects (Fig.  2). The resulting glyphs form 
abstracted two-dimensional representations of large mol-
ecule structures.

The miniaturized glyphs are created by typing in a key-
press code sequence which converts to the corresponding 
expanded and condensed version using the appropri-
ate font typeface (e.g., IgG or BiTE®-scFc-siRNA suite; 
Fig. 3).

The encoded keys can be combined in various ways 
to build new biological construct architectures and fur-
ther customized via regular font formatting options such 
as different colorations or sizing for distinct bio-mod-
ules (Fig.  4). The BioFont typefaces are bundled into a 
standard Unicode (The Unicode Consortium 2022) font 

Fig. 1 Iterative scientific experimental cycle and accompanying information workflows
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Fig. 2 Example Keypress codes for monoclonal antibody and BiTE® bispecific T-cell engager molecules and the resulting expanded and condensed 
glyphs created using BioFonts

Fig. 3 Keyboard character mapping overlay for BioFonts IgG Suite and BiTE®-scFc-siRNA Suite

Fig. 4 Glyphs for select large molecule constructs created using BioFonts
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package which can be installed on local desktops regard-
less of the operating system. The fonts are available in 
the font menu within standard business software appli-
cations without the need for any plug-in or integration. 
This method represents a lightweight and standardized 
method for rendering large molecule graphics into a high 
quality yet portable format and easily deployable to a 
broad set of users.

Method 2: BioMaps
Visually representing large molecules in a consistent and 
easy to interpret manner has been a long-standing chal-
lenge in bioinformatics. Historically, representation and 
comparison of macromolecular constructs generally did 
not extend past single-letter residue names, with impor-
tant sequence features often indicated through human-
generated text annotations (Chen et  al. 2011). The 
imprecise and non-standardized nature of this process 
can cause ambiguity and lead to unintended misinterpre-
tation of substances. Errors in sample identification may 
result and the ability to build a deeper understanding of 
associated optimization data and biophysical properties 
is undermined.

We utilized the principles of data reduction and com-
pression to distill the higher complexity and size of large 
molecules into automated schematic representations that 
provide detailed and readily understandable visual ren-
derings of two-dimensional architectures (Fig. 5).

The uniformly styled schematics are responsive to indi-
vidual construct differences and algorithmically derived 
from a comprehensive sequence JSON file for each spe-
cific entity (Fig. 6).

The standardized nature of the schematics simplifies 
interpretation, facilitates understanding, and decreases 
confusion around the compositional differences of indi-
vidual constructs (Fig. 7).

Sequence features and other metadata can be interac-
tively displayed, including antibody sub-regions, disulfide 
bond pairing, variable fragment target associations, and 
germline information, by rendering the images as scaled 
vector graphic files. This technology eliminates the need 
for scientists to create ad hoc cartoons while also ensur-
ing entities are uniformly represented, thereby removing 
sources of inconsistency and ambiguity around distinct 
molecular compositions in scientific communications.

Method 3: interactive design of chemically modified 
oligonucleotides
Recent advances in oligonucleotide-based therapeutics 
(e.g., siRNA, mRNA, anti-sense oligonucleotides, circular 
RNA) have been driven in part by the selected chemical 
modification of nucleotides. Moreover, siRNA candidates 
for therapeutics development are typically heavily chemi-
cally modified to impart stability and potency properties, 
and often contain no unmodified nucleotides (Khvorova 
and Watts 2017). The recent rapid growth (Setten et  al. 

Fig. 5 An example of a IgG1 monoclonal antibody BioMap with an interactive display of sequence features and associated metadata



Page 5 of 11Kunz et al. AAPS Open             (2023) 9:5  

2019) of this field highlighted the need for a modern soft-
ware tool customized to the specialized nature of siRNA 
optimization approaches. Manual workarounds in the 
form of offline documents are often used to describe, 
analyze, and communicate such structures. These error-
prone processes are sorely inadequate for defining, track-
ing, and communicating variations in siRNA molecular 

composition. In this method, we combine the flexible 
nature of BioFonts with the interactivity of BioMaps to 
digitally encode chemically modified siRNA structures 
into interactive schematics using a new visual language. 
This tool takes the further step of enabling the fully inter-
active design of new siRNA molecular compositions 
(Fig. 8).

Fig. 6 BioMaps are dynamically rendered from a comprehensive sequence notation file for each molecule, in this case showing a monoclonal 
antibody
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The complete atomic structure of chemically modified 
RNA molecules is captured via an internal structure dic-
tionary of modified nucleoside base units. Various other 
structural elements, such as 2’ chemical modifications, 
phosphorothioate vs. phosphodiester bonds, and gly-
can caps, are represented through a controlled vocabu-
lary containing different shape and color specifications 
(Fig. 9).

Embedding the automated and fully interactive sche-
matics within a dynamic web-based interface allows for 
the completely visual design of new siRNA therapeu-
tic candidates through the chemistry menu selections 
(Fig. 10). With this tool, scientists can graphically design 
new siRNA sequences and export the accompanying 
images as informative and standardized scientific com-
munication aids.

Method 4: large molecule multivariate data visualization
The pre-clinical drug discovery process generates large 
volumes of multidimensional data on the properties 
of therapeutic candidate molecules. Well-informed 
decision-making must then ensue with the aim of 
selecting the best candidate for clinical advancement. 
Often, these data are in offline, manually prepared 
documents that do not allow for efficient interroga-
tion. Identifying data trends and learnings around the 
characteristics of large molecules becomes difficult and 
misinterpretations can occur. Additionally, existing 
cheminformatic SAR tools for small molecules are not 
suitable in this context and lack the necessary customi-
zation to adequately handle the higher complexity of 
large molecules. Thus, the principles of data reduction 
and visualization are essential for the flexible analysis 

Fig. 7 Gallery of selected BioMaps for a variety of large molecule formats

Fig. 8 An example of an siRNA duplex molecule with complete interactivity of each visual element
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of structure-property correlations in such high-density, 
multidimensional datasets.

To address this need, we sought to transition away from 
the paradigm of offline data tables into more compel-
ling graphical interfaces for easier generation of insights 
(Hansen et al. 2013). Specifically, we sought an interface 
suitable for dynamic data visualization and developed 
three versions of a bespoke radial graph correlation chart 
customized for large molecule data. The radial graph 

charts enable the interactive analysis and exploration of 
multivariate candidate selection datasets through a fluid 
data visualization interface (Krzywinski et al. 2009). This 
allows scientists to seamlessly navigate sequence infor-
mation and associated experimental measurement data 
in an intuitive manner.

In the first adaption of the radial graph chart, experi-
mental measurements across a set of assays are cor-
related to the respective molecule candidate (Fig.  11). 

Fig. 9 Representative graphical encoding of siRNA structural units available through the internal controlled dictionary

Fig. 10 Example chemistry menu selections available for users to build new siRNA constructs
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Abstraction of such highly dense data permits the rapid 
identification of candidates with the best performance 
profile. Assay thresholds can be adjusted using the fil-
tering menu, which also allows individual assays to be 
hidden from the view, thereby reducing the data density 
down even further (Fig. 11).

Data trends across related sets of molecules can be 
more easily spotted as well. Time spent by scientists 
in the drug candidate selection process is significantly 
reduced by moving data analysis out of large, unwieldy 
spreadsheets, making it easier to quickly identify the 
most promising drug candidates for further study.

The second version of the radial graph realigns the 
experimental data from individual molecule candi-
dates to a multi-candidate sequence comparison view. 
A sequence alignment is performed across all candi-
dates and the radial graph chart is redrawn to map the 
experimental data to the aligned sequence positions 
(Fig. 12). Sequence domains, variable target associations, 

and sub-regions for each protein chain are interactively 
displayed around the outer rim of the sequence align-
ment segment of the chart. In this way, the structural 
and positional context for each point mutation can be 
understood. Key homologies between different sequence 
motifs and molecular domains are readily distinguished 
in this view, highlighting sequence engineering features 
that lead to more favorable molecule attributes.

In the final adaption of the radial graph, we imagined 
integrating the BioMap technology described earlier 
with the high-density data visualization capabilities of 
the radial graph. Here, the focus is on molecule stabil-
ity data as measured by forced degradation chemical 
liability experiments. The chemical liability datapoints 
are mapped to the corresponding protein chain and 
positional location on the BioMap structure. The abil-
ity to navigate between one-dimensional sequence and 
two-dimensional structure is made possible by fully 
integrating the data across both graphs (Fig.  13). This 

Fig. 11 Radial graph multivariate data correlation chart showing individual molecule candidate view
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fully simultaneous interactivity offers facile navigation 
across thousands of measurement outputs for a range 
of experimental parameters. In this manner, sequence-
related data can be understood within a structurally 
contextualized view of overall scaffold composition to 
inform potential product quality risks based upon sta-
bility stress conditions.

Conclusions and future directions
We have conceived and developed four new informatic 
methods for the visualization and analysis of engineered 
biologics and oligonucleotides and associated experi-
mental data. These technologies support communica-
tions between scientists and their information consumers 
and represent an advance on existing techniques for the 
representation and analysis of biotherapeutics.

The concepts of data reduction and compression were 
applied to translate the structural complexities of com-
plex biomolecular constructs into simplified, informative, 
and interactive visual schematics. Additionally, the inno-
vative data visualization charts we developed enable more 
flexible interrogation and structurally informed interpre-
tation of large-volume drug optimization datasets.

As a future step, we envision extending upon this 
work by utilizing a fully visual language to encode and 
compress biological supramolecular domains into a 
large molecule-focused syntax notation using charac-
ters, symbols, and logical operators. This concept has 
similarity with SMARTS, a molecular pattern language 
for small molecules (Daylight Inc. 4 2022). This would 
build upon the BioFont and BioMap technologies 
described herein and subsequently allow for automated 

Fig. 12 Realignment of the radial graph showing multi-sequence alignment comparisons across all molecule candidates mapped to experimental 
measurement data
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conversion of such compressed ‘Bio-SMARTS’ nota-
tions into standardized graphical representations. Such 
a solution would provide a future-proof and extensi-
ble method for depicting complex large molecule con-
structs, which to the author’s knowledge, does not exist 
currently in any available bioinformatics tool.
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