The Doyle group is working on glutamate receptors (NMDAR) interactions, playing a central
role in cognitive processes and long-term memory. Loss of NMDAR activity in synapses is
associated with neurological diseases such as Alzheimer’s. The proteins PSD-95 and SAP-
102 contain multiple protein-protein interaction domains and localise to the glutamate
receptors, of which structures of the PDZ domains were determined (PDZ stands for post
synaptic density protein PSD95, Drosophila disc large tumor suppressor Dlg1, and zonula
occludens-1 protein zo-1). ONgoing work studies the selectivity of SAP-102 and PSD-95 PDZ
domains to the NMDA receptors NR2A and NR2B by co-crystal structures.

The Tews group study proteins of the human immune system and (anti)-microbial targets.
The work in immunology focuses on study of structures of complexes between monoclonal
antibodies (Fab fragments) and the receptors CD32 and CD40. Studies are undertaken with
the vision of improving the use of mAb in cancer or in therapy of autoimmune diseases. The
work on CD40, delivering a key complex between Fab and CD40, has recently been
published in Cancer Cell. The CD32 project includes a structure determination, SAXS data,
and molecular modelling and is in revision with Biophys ]J. Work on 0x40 has been reviewed
in Molecular Immunology. Work on lipid antigen presentation by the CD1 receptor is
continued and was published in PNAS. In the microbiology field, we continue to explore
mechanisms of biofilm formation and dispersal and have determined bacterial
phosphodiesterases and PAS signalling domains, and published some of the data in
Scientific Reports. The study of nutrient stress in marine microbiology has lead to
determination of ABC transporter substrate binding domains (manuscript in preparation)
and housekeeping enzymes induced under nutrient stress, such as the fructose-
bisphosphate aldolases.

The Roach group have two areas of interest for structure determination, members of the
radical SAM superfamily and antibacterial targets. The group have perfomed structure
determinations of proteins in the complex maturation system that leads to the activation of
[FeFe]-hydrogenase, namely structure and interactions between the three maturases HydG,
HydE and HydF. A recent success was in the study of antibacterial targets, where
polyphosphate kinases have been studied and been published in PNAS.

The Werner group pursues an integrative biology approach to antigen processing and cell
signalling, studying the MHC I antigen presentation and peptide selection by endoplasmic
reticulum aminopeptidase I (ERAP1). MHC I is studied for plasticity in the selection process
of antigen peptides and its implications for immune system modulation. ERAP1 is studied
for allotype variation that is associated with several autoimmune diseases, rendering the
enzyme a potential drug target. The multi-technique structural biology approaches to define
molecular mechanisms of disease phenotypes. The functional implications of protein
dynamics are

a particular focus of the group. This proposal integrates SAXS and NMR data.

The Littlechild / Isupov groups study thermophilic hydrolase enzymes including novel
esterases, lactonases and epoxide hydrolases, all of which have potential applications for
industrial biotechnology. The Harmer group has determined structures of enzymes involved
in the synthesis of the unusual sugar dihydohydroxystreptose in the Coxiella burnetii O-
antigen. The group have also studied gene regulation of Vitamin B6 biosynthesis, the
biosynthesis of the Burkholderia pseudomallei capsular polysaccharide, and determined the
structure of the PdxR protein.
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The Hough group are investigating the structure and function of copper nitrite reductase
(CuNiR) where we aim to understand the mechanisms of Cu incorporation and substrate
approach, binding and product escape. Multiple site-directed mutants of CuNiR are studied
to (i) measure anomalous data at wavelengths of 1.2 and 1.33 A allowing the use Cu (rather
than Zn) loading at the catalytic centre; (ii) characterise the substrate-binding mode; (iii)
assess substrate specificity by soaking small molecules into the enzyme active site (e.g.
formate, malonate, acetate). The use of online UV-vis microspectrophotometry is required
for assessment of the type 1 Cu redox state in the crystals before and after data collection.
Binding of ligands to two heme peroxidases is also examined: the multifunctional
dehaloperoxidase and a dye-type peroxidase A. The aim is to determine high-resolution
structures of azole and alcohol substrate complexes with correlated single crystal UV-vis or
Raman spectroscopy.

The Coker group address viral targets and continue to work on neurodegenerative diseases.
Jon Cooper submits a highlight report on pullulan-hydrolysing enzymes, more commonly
known as debranching enzymes for starch and other polysaccharides.

The Kolstoe group is leaving the bag.
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¢ Efflux drug transporters at the forefront of antimicrobial resistance.
Rahman T, Yarnall B, Doyle DA.
Eur Biophys J. 2017 Oct;46(7):647-653. doi: 10.1007/s00249-017-1238-2. Epub
2017 Jul 14. Review.
PMID: 28710521

* Concentration-dependent effects of acute and chronic neonicotinoid exposure on
the behaviour and development of the nematode Caenorhabditis elegans.
Kudelska MM, Holden-Dye L, O'Connor V, Doyle DA.
Pest Manag Sci. 2017 Jul;73(7):1345-1351. doi: 10.1002/ps.4564. Epub 2017 May 9.
PMID: 28261957

* Cancer Cell, accepted manuscript, see Highlight Report.

* CD1b-restricted GEM T cell responses are modulated by Mycobacterium
tuberculosis mycolic acid meromycolate chains.
Chancellor A, Tocheva AS, Cave-Ayland C, Tezera L, White A, Al Dulayymi JR,
Bridgeman JS, Tews I, Wilson S, Lissin NM, Tebruegge M, Marshall B, Sharpe S, Elliott
T, Skylaris CK, Essex JW, Baird MS, Gadola S, Elkington P, Mansour S.
Proc Natl Acad Sci U S A. 2017 Dec 19;114(51):E10956-E10964. doi:
10.1073/pnas.1708252114. Epub 2017 Nov 20.
PMID: 29158404

* Dimerisation induced formation of the active site and the identification of three
metal sites in EAL-phosphodiesterases.
Bellini D, Horrell S, Hutchin A, Phippen CW, Strange RW, Cai Y, Wagner A, Webb JS,
Tews I, Walsh MA.
Sci Rep. 2017 Feb 10;7:42166. doi: 10.1038/srep42166.
PMID: 28186120

Mx1931 Report 2



* (0X40: Structure and function - What questions remain?
Willoughby ], Griffiths ], Tews I, Cragg MS.
Mol Immunol. 2017 Mar;83:13-22. doi: 10.1016/j.molimm.2017.01.006. Epub 2017
Jan 13. Review.
PMID: 28092803

* Substrate Recognition and Mechanism Revealed by Ligand-Bound Polyphosphate
Kinase 2 Structures. Alice Parnell, Silja Mordhorst, Florian Kemper, Mariacarmela
Giurrandino, Josh Prince, Nikola Schwarzer, Alexandre Hofer, Daniel Wohlwend,
Henning Jessen, Stefan Gerhardt, Einsle Oliver, Petra Oyston, Jennifer Andexer* and
Peter L. Roach*. Accepted for publication in PNAS, 08/02/2018

* Direct evidence for conformational dynamics in major histocompatibility complex
class [ molecules.
van Hateren A, Anderson M, Bailey A, Werner JM, Skipp P, Elliott T.
] Biol Chem. 2017 Dec 8;292(49):20255-20269. doi: 10.1074 /jbc.M117.809624.
Epub 2017 Oct 11.
PMID: 29021251

* Vivoli, M., Pang, ], Harmer, N. J. (2017) A half-site multimeric enzyme achieves its
cooperativity without conformational changes, Scientific Reports, 7, 16529. doi:
10.1038/s41598-017-16421-2. Data collected at Diamond.

* Molecular mechanism for the subversion of the retromer coat by the Legionella
effector RidL.
Romano-Moreno M, Rojas AL, Williamson CD, Gershlick DC, Lucas M, Isupov MN,
Bonifacino JS, Machner MP, Hierro A.
Proc Natl Acad Sci U S A. 2017 Dec 26;114(52):E11151-E11160. doi:
10.1073/pnas.1715361115. Epub 2017 Dec 11.

e The Crystal Structure and Conformations of an Unbranched Mixed Tri-Ubiquitin
Chain Containing K48 and K63 Linkages.
Padala P, Soudah N, Giladi M, Haitin Y, Isupov MN, Wiener R.
] Mol Biol. 2017 Dec 8;429(24):3801-3813. doi: 10.1016/j.jmb.2017.10.027. Epub
2017 Oct 27.
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Structure and function of the type lll pullulan hydrolase from
Thermococcus kodakarensis

J. Guo,® A. R. Coker,® S. P. Wood,? J. B. Cooper,®”® R. Keegan,®® N. Ahmad,® M. A.
Muhammad,” N. Rashid' and M. Akhtar.

2 Division of Medicine, UCL, Gower Street, London, WC1E 6BT; ° Department of Biological
Sciences, Birkbeck, University of London, Malet Street, Bloomsbury, London, WC1E 7HX; °©
CCP4, Research Complex at Harwell and Science and Technology Facilities Council, Rutherford
Appleton Laboratories, Harwell Oxford, Didcot, Oxon, OX11 OFA; 4 Institute of Integrative Biology,
University of Liverpool, Liverpool L69 7ZB; ° Institute of Agricultural Sciences, University of the
Punjab, Quaid-e-Azam Campus, Lahore 54590, Pakistan; " School of Biological Sciences,
University of the Punjab, Quaid-e-Azam Campus, Lahore 54590, Pakistan.

Pullulan-hydrolysing enzymes, more commonly known as debranching enzymes for
starch and other polysaccharides, are of great interest and have been widely used in the
starch saccharification industry. Type Il pullulan hydrolase from Thermococcus
kodakarensis (TK-PUL) possesses both pullulanase and a-amylase activities. Until now,
only two enzymes in this class, which are capable of hydrolysing both a-1,4- and a-1,6-
glycosidic bonds in pullulan to produce a mixture of maltose, panose and maltotriose,
have been described. TK-PUL shows highest activity in the temperature range of 95 -
100 °C and has a pH optimum in the range of 3.5 - 4.2. Its unique ability to hydrolyse
maltotriose into maltose and glucose has not been reported in other homologous
enzymes. The crystal structure of TK-PUL has been determined at a resolution of 2.8 A
using synchrotron radiation and represents the first analysis of a type Il pullulan
hydrolyse (Fig. 1). The structure reveals that the last part of the N-terminal domain and
the C-terminal domain are significantly different from homologous structures. In addition,
the loop regions at the active site end of the central catalytic domain are quite different
with important implications for substrate specificity. The enzyme has a well-defined
calcium binding site and possesses a rare vicinal disulphide bridge. The thermostability
of TK-PUL and its homologues may be attributable to several factors including the
increased content of salt bridges, helical segments, Pro, Arg and Tyr residues and the
decreased content of Ser.

Fig. 1. The crystal structure of TK-
PUL. The N-terminal, central and
C-terminal domains are coloured
as cyan, orange and red,
respectively. The three residues
forming the catalytic triad are
shown in ball-and-stick
representation and the calcium ion
is shown as grey sphere. The
calcium-binding subdomain s
visible on the lower right hand
side of the central domain and the
kernel-like subdomain appears on
the upper-right.
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Complex interplay between epitope specificity and isotype dictates the
biological activity of anti-human CD40 antibodies

Christian M Orr?, Xiaojie Yu?, HT Claude Chan?, Osman Dadas?, Steven G Booth?, Lekh N
Dahal?, Christine A Penfold?, Lyn O’Brien!?2, C [an Mockridge!, Ruth R French?, Patrick
Duriez3, Leon R Douglas3, Arwen R Pearson#, Mark S Craggl5, Martin | Glennie!, Ann L
Whitel6 and Ivo Tews5
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4Hamburg Centre for Ultrafast Imaging & Institute for Nanostructure and Solid State Physics, University of
Hamburg, Germany; 5Biological Sciences, Institute for Life Sciences, University of Southampton, Southampton,
S017 1BJ, UK; ¢Current address UCB-Celltech, 216 Bath Road, Slough, SL1 3WE, UK; *e-mail:
ivo.tews@soton.ac.uk

Monoclonal antibodies (mAb) that regulate immune responses are providing potent
therapeutics for treating cancer and autoimmune disease. One target is CD40, a Tumor
Necrosis Factor Receptor (TNFR) superfamily member that is expressed on antigen
presenting cells involved in regulating adaptive immunity. mAb targeting this receptor
show diverse activities, from strong agonism to powerful antagonism, however the rules
determining activity are unclear. Using a comprehensive panel of anti-hCD40 mAb and a
range of in vitro and in vivo approaches we demonstrate that agonistic activity is largely
dependent on mAb epitope, which dictates their level of activity.

Model of the trimeric receptor with ligand
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How do we suggest epitope recognition modulates activity? Both epitope specificity and
isotype have separately been shown to regulate anti-hCD40 mAb function. Mouse IgG1
constant regions can promote CD40 mAb agonism through interaction with FcgRIIB on
adjacent cells. The mAb tested here were expressed with the same m1 backbone, but a
range of activities were observed. Those mAb engaging epitopes in CRD1 (ChiLob 7/4,
SGN40, CP870,893 and Lob 7/2) were agonistic, whereas those that bound CRD2-4 were
not. We propose dependence on membrane-distal CRD1 binding reflects the requirement
for the mADb Fc to engage FcgRII on adjacent cells, while steric constraints may prevent
optimal FcgR engagement for mAb that bind epitopes closer to the membrane.

Cancer Cell, in press. PDB 6FAX.
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