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Introduction: Broadly neutralising antibodies (bNAbs) are attractive alternatives and/or as complements to the current
regimens for the treatment of HIV infection. Plants, particularly Nicotiana benthamiana are an alternative to the
mainstream mammalian cell systems, being well suited for producing efficacious monoclonal HIV antibodies [1–4]. An
example, the CAP256-VRC26 bNAb lineage, target the V1V2 region of the HIV-1 gp120 envelope glycoprotein [5,6].
The CAP256-VRC26 bNAbs are characterised by an anionic antigen-binding loop with a protruding O-sulfated tyrosine
in the CDR H3 loop, the absence of which leads to significantly decreased antigen binding and subsequent loss of
function [5,7]. This human type PTM is catalysed by tyrosyl protein sulfotransferases (TPSTs) which Nicotiana
benthamiana lack [8,9]. This report demonstrates the expression and characterisation of CAP256-VRC26 bNAbs with
engineered PTMs to maintain Ab function.
Methodology: A transient expression approach was taken to produce the CAP256-VRC26 bNAbs with and without
hTPST1 co-expression in the glycoengineered N. benthamiana (ΔXTFT) using deconstructed viral vectors. The
sulfation and glycosylation state of the protein A purified CAP256-VRC26 bNAbs, under reducing conditions using liquid
chromatography-mass spectrometry. The secondary and quaternary structure of the N. benthamiana (ΔXTFT) and
HEK293-produced CAP256-VRC26 bNAbs were probed by circular dichroism and intrinsic fluorescence. The TZM-bl
neutralisation assay was used to assess the neutralisation efficacy of the sulfated and non-sulfated N. benthamiana
(ΔXTFT)-produced bNAbs against the HEK293-produced bNAbs using a multi-subtype pseudovirus panel.
Results: Two variants, CAP256-VRC26 08 and 09, were expressed in N. benthamiana (ΔXTFT) plants. By in planta
co-expression of TPST 1, O-sulfated tyrosines were installed in CDR H3 of both bNAbs. These exhibited similar
structural folding to the HEK293-produced bNAbs, but non-sulfated versions showed loss of neutralisation breadth and
potency. In contrast, tyrosine sulfated versions displayed equivalent neutralising activity to HEK293-produced bNAbs
retaining exceptional potency against some subtype C viruses.
Discussion and conclusion: This study demonstrates the efficient production of functional anti-HIV bNAbs, CAP256VRC26 (08 and 09) in N. benthamiana (ΔXTFT). Incomplete sulfation and glycosylation of the bNAbs were observed,
suggesting that the transiently coexpressed hTPST1 and the native plant oligosaccharyltransferase complexes might
not be as efficient as the native machinery of the HEK293 cells. Despite this, the in vitro neutralisation efficacy was
equivalent to that of the HEK293-produced bNAbs. These results provide a basis for the use of cutting-edge genome
editing technology to create a general plant chassis with reduced host cell proteins which is optimised for high level
protein production of vaccines with greater levels of the correct post-translational modifications. Together, the data
demonstrate the enormous potential of plant-based systems for multiple post-translational engineering and production
of fully active bNAbs for application in passive immunisation or as an alternative for current HIV/AIDS antiretroviral
therapy regimens.
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