Research highlights

Molecular engineering

Immunology

Proteinlanguage modelsguide
directed antibody evolution

Tracing lymphocyte development

Better prior information on
evolutionary plausibility helps
improve protein engineering
efficiency.

Directed protein evolution for
generating antibodies with
improved binding affinity or
stability requires exploration
of avast space of possible
mutations. Experimental
high-throughput antibody
engineering methods screen
thousands to millions of variants
using techniques like phage dis-
play or cell surface display. This
imposes a heavy experimental
burden. Computational meth-
ods provide a structure-guided
rationale for selecting muta-
tions, typically within the
complementarity-determining
regions, but still require experi-
mental testing of many mutants.
Ateamofresearchersled by
Peter Kim at Stanford University
has performed guided protein
evolutionusing protein language
models thatwere trained on
millions of natural protein
sequences. The models thereby
learnaminoacid patternsthatare
likely tobe seeninnature. “Because
themodels are trained on millions
of protein sequences produced
by natural evolution, they are also
helpfulinsuggesting mutations
thatarelikely to have afunctional
impactwhen conductingdirected
evolutioninthelaboratory,” says
Brian Hie, thelead author of the
paper. “Unlike other methods
formachine-learning-guided
directed evolution, our method

alsorequires noinitial task-specific
training dataand recommends
mutationsdirectly fromthe
wild-type sequencealone”,
Hieadds.

Using these models, the team
evolved seven humanimmuno-
globulin Gantibodies that bind
to antigens from coronavirus,
ebolavirus and influenza A virus.
Screening 20 or fewer variants
ofeach antibody across only two
rounds of [aboratory evolution
allowed thentoimprove the
affinity of allantibodies —an
impressive feat. “We were able
toimprove the neutralization
potency of an FDA-approved anti-
body against an Ebola pseudo-
virus and showed that for weak
binders we canimprove the affin-
ity up to two orders of magnitude
using very low-throughput
experimentation,” says Kim.

While the results show that
general language models
outperform antibody-specific
language models, because
the training is done on
general sequences, there
isno guarantee that the
language-model-recommended
mutations willimprove bind-
ing affinity inevery instance.
“Another open questionis
whether these models could
beapplicable to evolving more
unnatural, de novo designed
proteins”, says Hie. The research-
ers planto leverage databeyond
protein sequence information
including protein structure
information and binding affinity
datato furtherimprove the
outcome. Welook forward to
developmentsin the area.
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The function of responding T or
B cellsis strongly influenced by
their cell surface lymphocyte
receptor. Although methods for
multiomic analysis have enabled
the study of lymphocytes at
unprecedented resolution,
there still remain some gapsin
our interpretation of transcrip-
tomic datain the context of the
adaptive immune receptor rep-
ertoire (AIRR). To address this,
researchers at the Wellcome
Sanger Institute and University
of Cambridge developed
Dandelion, acomputational
framework for paired analysis
of single-cell RNA sequencing
(scRNA-seq) and single-cell VD)
sequencing (scVDJ-seq) data.

“We wanted to bring some of
the bulk BCR-seq analysis capa-
bilities to single cells, but we real-
ized there are problems unique to
single cells which other methods
haven’ttackled,” says Kelvin
Tuong, now at the University of
Queensland and one of the lead
authors of the study, publishedin
Nature Biotechnology.

The Dandelion workflow acts as
abridge between AIRR sequenc-
ingtoolsand scRNA-seq data.
Using scVDJ-seq data, Dandelion
facilitates high-confidence
contig annotation and B cell
receptor (BCR) mutation calling.
Unlike most contig annotation
workflows, Dandelion does not
filter out unproductive contigs.
Theresearchersdelvedintothe
large proportion of T cell recep-
tor (TCR) and BCR data from
single-cell human fetal tissues that
were unproductive, with absent
V (variableregion) genes. They
found that multiple] (junction)
genes couldbe mappedonthe
same mRNA contig, aphenom-
enon they called multi-) mapping,
whichisaunique functionality
enabled by Dandelion.

Analysis of the developmental
trajectory ofimmune cells poses
aunique challenge since notonly
are developmental processes
interrupted by proliferation and
transcriptomic convergence but
cellfateis often governed by the
receptor. To allow refined analysis
of combined gene expression and
AIRRdata, Dandelioncreatesa
pseudobulked VD] feature space.
Here, cells canbe grouped by
neighborhoods or pseudobulks
based on metadata for differential
analysis or trajectory inference.

Theteamused AIRR data as
‘timekeeper’ and found that,
by sampling cell neighbor-
hoods with developing T cells,
they could create atrajectory
of development and associ-
ated gene expression patterns,
mapping T cells from the initial
double-positive stage to CD4" or
CD8'lineage commitment. They
also noticed a high proportion of
non-productive TCR-f contigsin
pre and pro mature Bl cells, sug-
gesting alternate developmental
routes for Bl cells and conven-
tional B cells, asis consistent with
findings from mouse studies.
They also found unproductive
TCR-B, TCR-6 and TCR-yininnate
lymphoid cells and the nature
killer cell lineage, implying
that these cells veer away from
the T cell pathbetween the
double-negative and quiescent
double-positive T cell stages.

The Dandelion workflowis an
enabling method for studying
the trajectories ofimmune cells
invariousinvivoandinvitro
settings and has the potential to
improve our understanding of
dynamicimmune processes.
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