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FlgL, respectively. FliJ is a general chaperone that assists and regulates
the export process. FlhA and FlhB constitute the export gate and determines
the hierarchy of the export process. Despite detailed understanding of the
morphology of flagellum, flagella export process is poorly understood. We
have determined the solution structure of FliT in its apo form along with its
complex with FliD, FliI, and FliJ. Solution structure of FliT differs from its
crystal structure and explains the regulatory role of FliT. FliT stays in an
auto-inhibitory form in the absence of substrates to avoid any unwanted inter-
action with export gate. Substrate binding activates FliT-substrate complex to
bind to the export gate. This targeting mechanism of FliT is appeared to be
shared among all export chaperones, FlgN and FliS. We further characterized
the interactions among export chaperones and showed that strict binding
sequence among chaperones determines chaperone recycling process and regu-
late subsequent export events.
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HIV-1 protease (PR) is essential to the maturation of HIV-1 virus as it post-
translationally cleaves the viral polyproteins gag and gag-pol. Inhibition of
HIV-1 PR lead to non-infectious immature virus. This makes HIV-1 PR a
drug target for HIV infection. The flaps of HIV-1 PR play an important role
in its catalytic activity as they control access of substrate as well as inhibitor
to the catalytic pocket of the protease. The flaps of HIV-1 PR adopt different
conformations: closed, semi-open, wide-open, and curled-open [1]. Our previ-
ous study suggests natural polymorphisms can affect conformational ensembles
of the protease [2]. In this study, double electron-electron resonance (DEER) is
utilized to study how natural polymorphisms affect protein conformational en-
sembles in non-B HIV-1 PR variants including subtypes D, H, and F, and CRFs
AC, AG, and BF. Most of these variants showed conformational ensembles
similar to that of multidrug resistant variant. Darunavir, the most potent prote-
ase inhibitor to date, was unable to shift flap conformation of CRF_AC to
closed conformation which is indicative of drug resistance.
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Infections caused by antibiotic-resistant bacterial pathogens are a significant
threat to public health. Many species of Gramþ bacteria display pili (hair-
like filaments that protrude from the cell wall) to form biofilms and to adhere
to host tissues and cells. Pili are constructed on the cell surface by sortase pilin
polymerases, which link pilin subunits together via isopeptide bonds. Although
pilus assembly has been studied at a cellular level, the mechanism of sortase-
catalyzed isopeptide bond formation is poorly understood. Here we report
the integrated use of x-ray crystallography, NMR, biochemistry, biophysics
and cellular biology methods to explore the mechanism of assembly of the
archetype SpaA-pilus from Corynebacterium diphtheriae. The crystal structure
of the pilin polymerase, SrtA, reveals that it is held in an inactive state by an
auto-inhibitory ‘‘lid’’ structure. We demonstrate that targeted mutations intro-
duced into the lid activate the enzyme and enable in vitro pilus assembly.
Phylogenetic comparisons, amino acid mutagenesis, NMR and a novel in vitro
assay define unique enzyme features required for isopeptide polymerization ac-
tivity and provide insight into the structure of the reaction intermediate that is
formed during repeated polymerization cycles. Finally, we present progress to-
ward determining the solution structure of the basal SpaB pilin subunit, which
is required for efficient cell wall anchoring of the completed pilus polymer. The
structure and mechanistic studies of SpaB incorporation into the completed
pilus provide insight into the mechanism of termination. The pilus assembly re-
action studied here is highly conserved and can be important for bacterial viru-
lence, thus the results of this work are broadly applicable and may facilitate the
design of pilus assembly inhibitors with useful therapeutic properties.
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Omega loops are known to play an important role in controlling the structure
and function of proteins. In this work, we have studied the role of omega
loop mutants of human cytochrome c in controlling its structure and function.
We generated two mutants using site-directed mutagenesis in the omega loop at
positions 44 and 51 by replacing alanine to cysteine residues. Protein samples
purified from the E. coli expressing the wild-type and the mutants were
compared using in vitro caspase-3 activity assay. Differential scanning calo-
rimetry data of these proteins suggests that the A44C and A51C mutants are
less stable than the wild type protein. Lowering of the Tm for both mutants indi-
cate a decline in their stability. Additionally, the preliminary results from the in
vitro cell free caspase 3 activity assay indicates enhanced caspase activity of
A44c compared to wild type. To decipher what structural changes underlying
this altered activity we used isotopic labeling and the use of 2D nuclear mag-
netic resonance (NMR) spectroscopy, analysis of the structure of A44C.
Both1H-15N heteronuclear single quantum correlation (HSQC) and backbone
15N relaxation experiments were conducted on the A44C mutant. The resulting
signal data were compared to previously obtained data from the known struc-
ture of wild type protein. Our results indicate a structural alteration in the A44C
protein which could explain its enhanced apoptotic activity.
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Experimental determination of membrane protein (MP) structures is chal-
lenging as they are often too large for nuclear magnetic resonance (NMR)
experiments and difficult to crystallize. Currently there are only about 510
non-redundant MPs with solved structures in Protein Data Bank (PDB). To
elucidate the MP structures computationally, we developed a novel web
resource, denoted as PredMP (http://52.87.130.56:3001/#/proteinindex), that
delivers one-dimensional (1D) annotation of the membrane topology and sec-
ondary structure, two-dimensional (2D) prediction of the contact/distance map,
together with three-dimensional (3D) modeling of the MP structure in the lipid
bilayer, for each MP target from a given model organism.
The precision of the computationally constructed MP structures is leveraged by
state-of-the-art deep learning methods as well as cutting-edge modeling strate-
gies. In particular, (i) we annotate 1D property via DeepCNF (Deep Convolu-
tional Neural Fields) that not only models complex sequence-structure
relationship but also interdependency between adjacent property labels; (ii)
we predict 2D contact/distance map through Deep Transfer Learning which
learns the patterns as well as the complex relationship between contacts/dis-
tances and protein features from non-membrane proteins; and (iii) we model
3D structure by feeding its predicted contacts and secondary structure to the
Crystallography & NMR System (CNS) suite combined with a membrane
burial potential that is residue-specific and depth-dependent.
PredMP currently contains more than 2,200 multi-pass transmembrane proteins
(length<700 residues) from Human. These transmembrane proteins are classi-
fied according to IUPHAR/BPS Guide, which provides a hierarchical organiza-
tion of receptors, channels, transporters, enzymes and other drug targets
according to their molecular relationships and physiological functions. Among
these MPs, we estimated that our approach could predict correct folds for
1,345-1,871 targets including a few hundred new folds, which shall facilitate
the discovery of drugs targeting at MPs.

2840-Pos Board B48
Homology Modelling of Sodium Iodide Symporter
Hristina R. Zhekova1, Igor Zdravkovic1, Sergei Yu Noskov1,
Toshie Sakuma2, Susanna C. Concilio3, Ryan Johnson2, Stephen J. Russell3,
Kah-Whye Peng2.
1Biological Sciences, University of Calgary, Calgary, AB, Canada, 2Imanis
Life Sciences, Rochester, MN, USA, 3Department of Molecular Medicine,
Mayo Clinic, Rochester, MN, USA.
Sodium Iodide Symporter (NIS) is a protein involved in the transport of iodide,
necessary for synthesis of the thyroid hormones, through the cellular membrane
of the thyrocites. It can be found in a number of other tissues (e.g. lactating
breast, stomach, testicles) where its function is not fully understood. Impor-
tantly, it is expressed in various cancers and this opens the possibility for
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