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Augmented reality in scientific visualization and
communications: a new dawn of looking at antibody
interactions
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Racaned: ity 7, 2030; Rovsaea: August 12, 2020; Accsprod: Septembar 2, 2020

Ahstract

The use of augmented reality {AR) in providing three-dimensional (30] visual support and image depth have
been applied in education, tourism, historical studies, and medical training. In research and development,
there has been a slow but g:owmg use of AR tools in chemical and drug discovery, but little has besn

T d for whole 3D antibody ﬂgE g, Igh, IgG. and Igh) and in communicating their
i with the anti or P in Given that antibody interactions can vary
slgniﬂmml)r hetwean different lonal antibodies, a ient and easy to use 30 visuallzation can

convey struciural mechanisms clearer 10 readers, especially in how residues may interact with one another,
Whnle this was |Jlew¢)llﬂ[y constrained w the use of stereo images on printed material of moleculas
on the the it ui smanphonu and phablets now allows visuall,

of whole molscular on-the_go. all ] ions, zooming in and out, and even animations without
complex devices or the training of visual prowess. While nol yel as versatile as mobecular visualization
software on the computer, such technology is an improvement from sterec.-images and bridges the gap with
malecular visealization tools. In this repor, we discuss the use of AR and how they can be employed in the
halistic view of antibodies and the future of the technology for better scientific communication.

of e Recent technological has allowed o wi: ization of three-
dimensional antibody structures using mobile devices, This allows an onthe-go convenient visual
appreciation of the antibody elements and how the various antibody regions can interact with each other
in a new frontier of Ty i that can extend 10 all structural hiology.
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Perspective: The promises of a holistic view of
proteins—impact on antibody engineering and drug
discovery
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CH and CL in Trastuzumab and
Pertuzumab recombinant models:
Impact on antibody production and
antigen-binding

Wai-Heng Lua®, Wei-Li Ling*, JoshuaYiYeo, Jun-Jie Poh?, David Philip Lane* & Samuel
Ken-EnGan(54?

Current tf ic antibodi h as Trastuzumak, are typically of the blood drovlatory IgGl dass
(Crf CHAL). Due to the binding I]}HE(ZEED[M‘EHICII normal cell surfaces, side effects such as candiac
failure can sometimeas be with such targeted py. Using antibody isotype swapping,

it may be possible to reduce systemic drculation through increased tissve localization, thereby
minimising vnwanted side effects. However, the effects of such modifications have yet to be fully
characterized, particularty with rega'dstothelrbuophysﬂlpmpauﬁ :nam:gen brn.‘lng To do this,
wepmdmedallllghtand heavy chain human isotyp YPES rec :\Fl'msu.m.lmb
and Pertuzumab, and studied them with respect to recombinant production and Her2 binding. Our
findings show that while the light chain constant regmdlamgﬁhavemmajmeﬁeﬂsmpmdummor
Her2 binding, some heavy chain isotypes, in particularly, igM and IgD isotypes, can mc

binding. This study thus provides the groundwork for such isotype mu-dlﬁml:iuﬂsmhepelfunrndinﬂle
future toyield therapeutics of higher efficacy and efficiency.

‘The *new dawn™ of therapeutics had come with recombinant monoclonal antibodies (mAbs). Most approved
climical therapeutic mAbs are of the Crand Cyl sotypes, noiably Trasturumab and Pertorumab which have sig-
nificant combined success in the treatment of Her2 + cancers™, However, when bound to normal Her2 expressing
candiac cells, Trastupmmab can casse side effects such as cardiac failure®. To reduce such side effects, one possible
solution i fo tmprove the am:lu\d}' lercalization to the cancer targel areas, reducing systemic cireulation. Such
efforts can be actualized by engincering a change of the anlibody isotype through recombinant means,

since the general localization of these antibody isolypes ane already well established in dassic immunology. On
this passibility, there is great intercst in utilizing isotypes for immunotherapy, particolarty for cancer®.

The human immunoglobulin (Ig) heavy chain isotypes and subtypes ((CH varianis) consist of IgM, IgAL IgAZ,
IgD, IgGl, 1gG2, IgG3, 1gGd, and gk Of the CH varianis, the most abundant is the IgG isolype in which igGi
s the most dominant subtype in blood. 1gM, like IgG, s also predominantly localized in blood and both iso-
types exhibit specialized immune functions such s Antibody Dependent ¢ af mediated Cytotoxicity (ADCCY.
Given its rode in neutralizing infectioss agents® and sctivating the complement system st the recruilment
of immine Lcl'ls.zﬁt - particularly IpG1. is the default choice for therapeutic monochonal antibodies.

Nonetheless, there has been increasing interest in exploring the use of 2ernative CH variants as therapeatic
antibodies. Two such examples include IgA® and IgE", along with their immune activation mechanisms*. With
Uwpmd{hsccﬂ variants (o also clicil immune responses al a fevel comparable o IgG, there are potential
advaniages in using these CH variants when considering their localization in Lmu‘smm'g:mufuﬂcmL

1gM, the primary aniibody responsible for defense against new antigens, is often found as an oligomer (pen-
tamer ar hexamer) with or without the |-chain. Il functions 1o agglutinale and immobilize antigens™ as well

Lua et al., Sci.Rep 2018




Sagacitjr in Antibody humanization for
therapeutics, diagnostics and research purposes:
Considerations of antibody elements and their

roles.
Wai-Li Ling, Wei-Heng Lua, Samuel Ken-En Gen &

Antibody Theropeutics, thaaoos, hitps:[/doiorg/L0.1093/abt/tbaanas
Published: 13 April 2020
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Abstract

The humanization of antibodies for therapeutics is a critical process that can
determine the success of antibody drug development. However, the science
underpinning this process remains elusive with different laboratories having
very different methods. Well - funded laboratories can afford automated high
throughput screening methods to derive their best binder regardless of many
other parameters, yet this often involves a very expensive inital set of
equipment affordable only to a few. Often within these high- throughput
processes, only standard key parameters such as production, binding, and
apgregarion can and are analysed. Given the lack of suitable animal models, it is
only at clinical trials can immunogenicity and allergy adverse effects be
detected through anti-human antibodies as per FDA guidelines, While some
occurrences that slip through can be mitigated by additional desensitization
protocols, such adverse reactions to grafted humanized antibodies can be
prevented at the humanization step. Considerations such as better antibody
localization; avoidance of unspecific interactions to superantigens, and the
tailoring of antibody dependent triggering of immune responses, the antibody
persistence on cells, can all be considered through a holistic sagacious
approach, allowing for better outcomes for therapy and even for research and
SRR SR, APD SKEG
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Not all therapeutic antibody isotypes are equal: the
case of IgM versus IgG in Pertuzumab and
Trastuzumabt

Firdaus Samsudin, 0 * Joshua ¥i Yeo,” Samuel Ken-En Gan (0 **
and Peter J. Bond*™®

The therapeutic potential of mmunoglobulin M (g} is of consderable nterest in T herapy due to
its complement-activating and cell-agglutinating abilities. Pertuzumab and Trastuzumab are monoclonal
antibodies used to treat human epidermal growth factor receptor 2 (HERZ!- positive breast cancer but
exhibit significantly different binding afinities as lgM when compared 10 its IgG isotype Using integrative
multiscale modelling and simulations of complete antibody assemnblies, we show that Pertuzumab IgM i
able te: ulilize &l of its V-regicns to bind multiple HER? receplers simultanecusly, while similar binding in
Trastuzumab lgM is prohibited by steric cashes caused by the large globular dormain of HERZ. This &

ly validated by confirming that Per b IgM inbibits protiferation in HER? over-expressing
live cells more effectively than its oG counterpart and Trastuzumab IgM. Our study highlights the
importance of understanding the molecudar details of antinody-antigen interactions tor the design and
isotype selection of therapeutic antibodies.

Pertuzumab Ig

2.08%10°

* p=<0.05

Trastuzumab IgM

296 % 10°

o *p<005

Antibody
;
8

378 % 10°

Trastuzumab IgG1

177 % 10°

6,78 x 10°

8 4 5 6 7
Cell count ( x 10° cells/ml)
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Allosteric Effects between the Antibody Constant
and Variable Regions: A Study of IgA Fc Mutations
on Antigen Binding
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Feceived: 14 May 2015 Accepted: 5 June 2018; Published: 7 June 2018
Abstract Therapeutic antibodies have shifted the paradigm of disease treatments from small molecules
o binlogics; especially in cancer therapy. Despite the increasing number of antibody: candidates,
much Temains unknown about the antibody and how its various regions interact. Recent findings
showed that the antibody constant region can govern localization effects that ane mseful in redudng side
effects due to'systemic droalation by the commonly used IgG isobypes. Given their localized mucosal
effects, IzA entibodies are increasingly promising therapeutic biclogics. While the antibody Fe effector
cell activity has been a foous point, reeent research showed that the Fe eould also mfluence antigen
binding, challenging the conventional idea of region-specific antibody functions. To investigate this,
we analysed the IgA antihody constant region and its distal effects on the antigen binding regions
using recombinant Pertuzumab [gAl and IgA2 variants. We found that mutations in the C-region
mreduced Her? binding experimentally, and computational structural amalysis showed that allosteric
communications were highfy dependent on the antibody hinge, providing strong evidence that we
should consider antibodies as whole proteins rather than a sum of hmctional regions.

Keywords: antibody; isotype IgA; Pertusumab; allosteric; biologics: constant region; variable region

1L Introduction

Antibodies, called the "magic bullet” by Paul Erhlich [1-3], have shown great promise as
therapeutic agenis against numerons diseases [4], with many breakthroughs documented [5-10].
One promising isotype is IgA, whose predominant mucosal activation and localization can reduce
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view parts in isolation, thus we propose that an increasing holistic view (whera a protein i
is investigated as much as a whole as possible) is now timely. To further advocate this, we
review and discuss several studies and applications involving allestery, where distant protsin
regions can cross-talk to influence functionality. Therefore, we believe that an increasing big
picture approach holds great promise, particularly in the areas of antibody engineering and
drug discovery in rational drug design.
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| Abstract

Background: Strategies to control HIV for improving the guality of patent lives have been aided by the Highly
Active AntiRerrovirl Therapy (HAART), which consists of a cockail of inhibitors targeting key viral enzymes
Numerous new drugs have been developed over the past w decades but viral resistances to these drugs in the
targeted virad enzymes ane ingeasingly reported. Nonetheless the acquired mutations often reduce viral fitness and
infectivity. Viral compensatory secondany-line mutations mitigate this loss of fimess, equipping the vins with a
broad Spectrum of resistance against these drugs. While structural understanding of the viral protease and its drug
recistandg mutations have been well esablished, the interconnecthvity and development of structual cnoss
resistande remain unclear. This paper reparts the struaural anabyses of recent elinical mutations on the dug aos-
reskstance effects fiom vatios protease and protease inhibitors (P} complaxes

Methods; Using the 2015 updated clinical MV proteass mutations, we constructed a structure-basad cormélation
network and a minimunspanning tree (MST) based on the following Features: (i) topelogy of the Pi-binding
packet, (i slloster effecs of the mutatkns, and (il protease stiuctural stability.

Results and conclusion: Anabyis of the network and the MST of dominant mutations conférring resistance to the
seven Pls (Atazana ATV, Darunavir-DRY, Indinavir DV, Loginavir-LPY, Neffinavir-NPY, Saquinavir SOV, and Tiprnavir-
TPV) showed that crossedstance can develop easily across NPV SOV LPY, IDV, and DRV, but not for ATV of TRV,
Thiough estimation of the changes In vibrational entropies caused by each reported mutation, some secondary
miutations were Bund to destabllize protease structure. Our findings provide an insight Into the mechanim of PI
aoss-esistance and may also be useful in guiding the selection of I in clinical meatment 1o delay the onset of
aoss dnug resistance.

WHO Guidelines in agreement!
Guide to selection of drugs to delay
resistance!
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ABSTRACT

The high mutation face in retroviruses is one of the leading causes of drug; resistance. In human Lmmu
oudeficiency wirus type-1 (HIV-1}, synergistic mutations in its protease and the protease substrate - 1)
Group-specific antigen (Gag) polyprotem — work together to confler drug resistance agaimst profease ik
hitors and compensate the mutarions affecting viral fimess. Some Gag matations can Testore Ga
pmlma\ bn!mn,g. yet most Gag-protease cormelated mulations ocour outside of the Gag dlzauagc =il

Keywornls:

Protease inhibioc dog resteance
HIV- |

Grnup-specific antigen {Gag)
Integratne modelling

Multiscale simuiation

the molecular basis for this, we now report multiscale approaches o

various sequentially cleaved Cag products in the context of dinically rebevant mutations that ocour out-
side of the cleavage sites, including simulations of (he lagest Cag proteolylic prodoc in iis viral
membrane-bound state. We found that some mutations, such as G123E and H2190), involve direct inter-
actinn with cleavage site residucs (o influence their local environment, while cerain mutations in the

matrix domain lead to the ensichment of lipids i lor Gag ing and Collectively,
our resulis reveal why pon-cleavage site motations have far-reaching implications eutside of Gag prote-
olysis, with i s for di ing Cag iom inter i and tackling protcase

inhibitor resistance.
@ 2020 The Aothar(s) Published by Elsevier BV. on behalf of Rescarch Netwark of Compirtational and
seructural Biotechnology, This is an open access armicle under the C0 BY-NC-NI license (hip: fomarive
commens.orglicenses!by-nc-nd/4.0/).
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Probability of change in life: Amino acid changes in single
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Spontaneous Mutations in HIV-1 Gag, Protease, RT p66 in the
First Replication Cycle and How They Appear: Insights from
an In Vitro Assay on Mutation Rates and Types
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Abstrack: While drug resistant mutations in HTY-1 are largely credited bo its ermor prone HITV-1 RT,
he time point in the infection cycle that these mutations can arise and if they appear spontancously
without selection pressures both remained enigmatic. Many HIV-1 RT mutational in vitro studics
utilized reporter genes (Lac¥) as a template to investigate these questions, thereby not accounting
for the possible contribution of viral codon usage: To address this gap, we mvestigated HIV-1
RT mutation rates and biases on its own Gag, protease, and RT pé6é genes in an in vitm selection
pressure free system. We found rare clinical mutations with a general avoidance of crucial functional
sites in the background mutations rates for Gag, protease, and RT paaat 471 < 10 %, 603 x 10 %,

51,69
1095

12,

[

EEEROLT LIRS A RFERACT :m’:"’ and 7.09 % 10 5 mutations/bp, respectively Gag and peb genes showed a large number of “A to
Kwards: . Mutationz underpin the proceszes in life, be it beneficial or detrimenial. While mutations are assumed to be Citalion: Yeo, | Y; Koh, DW.5; L’k‘mula::’r\‘,s-‘ko‘?“i':LS::‘S\::‘::S:TT:{“T}J;;"T..E’b:“s:aj:‘ennf“s show:'&?ﬁa::r:fﬂasc "! mum'?i’:
Codem single hase mutatian random i the bereft of selection pressures, die genetic code has undecying compurable probabilities in 3min0  vap, 1 Coh, €2 Ciam, SK.E. rjee J1 R—— R ————
Single m_‘"""-“:‘* substiuion acid phenotypic changes. With a wide range of implications including drug resistance, understanding amine acid Spartancous Mutations in HIV 1 Gag, AD'A'R_M i ) Hiv-1 KT D6
E‘!ﬂlbﬂ:l.}: Boaiied i EtranE: [ Haa iy, see e gl e e e T e s ! anavoicd A, " :
sk leading to the 30 amino acids and stop eodanz. Our ea "
; organization of the genetic code that avers dizruptive ¢ @Q -
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