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Abstract Employing computational tools to predict enzyme stability and catalytic efficiency
IS a growing method in protein engineering. To improve the predictive accuracy of enzyme
modeling software, high-quality libraries of Michaelis-Menten and thermal stability (Twm) data are
needed for training the algorithms. As of 2019, 129 mutants have been successfully characterized
with Michaelis-Menten, thermal stability (Tso) and expression constants of 3-glucosidase B from
Paenibacillus polymyxa. To contribute to the expansion of this dataset, we designed, built and
tested three-point mutations: L171G, L171V and L171W. The enzyme variants were modeled with
FoldIT software, built using Kunkel Mutagenesis methods in Escherichia coli, and the purified
proteins were tested for Kinetic activity and Twm. This variant set was produced to investigate
changes in amino acid size on overall structural stability by mutating non-polar, small amino acids
to larger ones. The addition of these mutations to the Design2Data (D2D) Course-based
Undergraduate Research Experience database contribute to improved understanding of the
structure-function relationship of -glucosidase B and expand the potential for improving the
accuracy of computational modeling tools for protein design.
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l. Introduction

Enzymes are a class of proteins that facilitate biochemical reactions.* By engineering enzymes, it
is possible to design for novel or improved biocatalysts through the use of computational modeling
methods. However, despite the success of computational enzyme designs,® the current
computational modeling algorithms for designing mutants commonly have a low success rate in
modeling the intended function.'® In a previous study characterizing 100 mutant variants of -
glucosidase B (BgIB) from Paenibacillus polymyxa, suggests improvements of the modeling
algorithm may be accomplished by supplementing structural parameters with empirically
determined functional data on catalytic efficiency (kca/Kwm), apparent substrate affinity (estimated
by Kwm), and turnover rate (Keat).X° This dataset became the basis for the Desing2Data (D2D)
database. To date, the D2D database consists of over 129 BgIB mutants that have been
characterized for Tso, keat, Km, and keayKm. The continued expansion of this structural-functional
database aims to aid in improved predictive computational model accuracy of BglB and might
provide insight to enzymes across the family.!!

Here, three single-point mutant variants of BgIB: L171G, L171V and L171W, were characterized
with a design-build-test methodology to acquire functional data and contribute to the D2D
database!?. The mutants are first designed and visualized using FoldI T2 and overall stability was
quantified through a measure of total system energy score (TSE)4, mutant genes were integrated
into pET plasmids using Kunkel Mutagenesis®®, and the purified proteins were tested for kinetic
activity and T.. In this study, the variant set was produced to investigate changes in amino acid
size on overall structural stability by mutating non-polar, small amino acids to larger ones. Given
the trends we’ve seen on the 171 site in the existing dataset, solely based on the space filling trend
of increasing non-polar amino acids, we hypothesize: L171G and L171V will have an decrease in
kinetic activity and increased thermostability, and conversely L171W will have increased kinetic
activity and decreased thermostability relative to wild type.

This narrative reports only on results that capture progression in the workflow, but it fails to meet
the project objective and does not include the functional outcomes of this set of mutations.®

1. Methods

The design-build-test methodology begins by using a previously described method° with FoldIT*3
to score the designed mutant’s energy function and TSE using the Rosetta energy function'®. After
visually reviewing the structure, we obtained the nucleotide sequence encoding the single point
mutations flanked native sequence to create a 33mer oligo L171V, L171W and L171G. Then, we
performed Kunkel Mutagenesis to integrate the mutations into the BgIB gene on a pET plamids.®
The designed plasmids were transformed into Dh5a competent Escherichia coli (E.coli) cells and
plated onto Luria-Bertani (LB) agar plates with 50 ug/mL kanamycin for overnight growth at 37

°C. Single colonies were picked and sequenced to identify mutant colonies. Sequence data was

analyzed in benchling.’® Mutant protein data bank files, produced in FoldIT*3, were further
analyzed in PyMol.’

T Experimentation was halted due to COVID-19 social distancing restrictions, we expect to resume when it is safe for
undergraduate students to return to lab. As such, the findings presented here are preliminary.



For sequence-verified®, successfully built mutants, the plasmids would have been transformed,
grown, expressed using a previously described method?® then kinetic and thermal stability assays
would have been done fit the Michaelis Menten model.'®" The kinetic characterization of the
mutant strains of BgIB are determined by detecting changes in the enzyme-substrate-product
solution in buffer at pH 7.5 PNP over time using an A420 spectrophotometer assay.

Next, the thermal stability (Twm) for the variants were determined using a Protein Thermal Shift™
kit made by Applied BioSystem ® from Thermo Fisher. Following the standard protocol by the
manufacturer, purified proteins were diluted from 0.1 to 0.5 mg/mL and fluorescence reading was
monitored using QuantaStudio™ 3 System from 20 °C to 90 °C. The Tm values were then
determined using the two-state Boltzmann model from the Protein Thermal Shift™ Software by

Applied BioSystem ® from Thermo Fisher.”
1. Results

The three mutations, L171G, L171W and L171V probe the effects of changes at location: L171
approximately 8.9 A from the active site (Fig 2). Sequence verification of Kunkel Mutagenesis for
these mutations (Fig 1) were successful for L171G and L171W. However, for L171V a mixed
population of L171V (dominant) and the native L171 (minor) appear to be present indicating a
contaminated sample and more isolated colonies should be sequenced. (Fig 1).
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Fig 1. Chromatogram visualization of representative forward sequences of (A) L171G, (B) L171V,
(C) L171W. Colored lines: black, blue, green and red represent Guanine (G), Cytosine (C),
Adenine (A), and Thymine (T) respectively. Fig 1A shows clear peaks for the respected codon
highlighted in red; whereas reads in Fig 1B indicate contamination due to overlapping cytosine
peaks at the mutation site. Fig 1C appears to have noise (<10% intensity) from a medium quality
read in the underlying minor peaks at and around the mutation site.

™ Experimentation was halted due to COVID-19 social distancing restrictions, we expect to resume when it is safe for
undergraduate students to return to lab. As such, the findings presented here are preliminary



Fig 2. Overview of the modeled BgIB-pNG complex (PDB ID: 2JIE) showing the L171 position
in cyan using PyMOL?Y'. Below, the reaction scheme of the hydrolysis of pNPG by BgIB was used
to determine functional Tm and kinetic parameters, Keat, Km, and Keat/Kwm.

Fig 3. Overview of a) wild type (L171) b) L171A c) L171W d) L171G single point mutations
of BgIB-pNG complex (PDB ID: 2JIE) showing the L171 position in cyan and nearby residues
in orange using PyMOLY’. A novel hydrogen bond was formed with Y166 approximately 2.8
Angstroms from the Tryptophan (W) shown in c).



V. Discussion

In examining the sequencing data, we hypothesize the presence of an underlying cytosine peak in
L171V may have resulted from contamination by reusing cuvettes containing remnant wild type
double stranded DNA during Kunkel Mutagenesis. Alternatively, the upstream process of sSSDNA
prep may have yielded an unfavorable concentration of double stranded DNA to single stranded
DNA, resulting in plasmids of both the wild type and the mutant being replicated in the
transformation. Another common source of contamination may have occurred when picking the
transformed colonies.

Herein we expand our predictions and hypothesis rational through deeper structural analysis,
introduced earlier in the narrative and we examine previously published results that relate closely
to this set of mutations (Table 1).

Table 1. Catalytic efficiency and thermostability characterization of L171 variants obtained from
D2D*° database. Currently, assay results on the 171 site are available for aliphatic, sulfur, amide
and basic amino acid classifications but not for aromatic, hydroxyl and acidic amino acids.?

Variant Expression Kwm (mm) Keat (Min) | kea/Km (Mmtmint) [ Tso (°C)
(mg/mL)

Wild Type 150+£1.07 |535+0.87 | 661.5+484 130.77 £ 28.20 39.5+0.1

(L171)

L171A 1.00 £0.00 11.09 £ 662.4 £6.5 59.75 £ 2.38 38.8x0.5

0.42

L171M 240x0.00 |4.32+0.29 | 887.4+£24.3 205.64 £ 14.76 —

L171Q 1.12+0.00 |8.00+1.15 772+4.6 9.65+1.51 —

L171R 1.00£0.00 |3.36+£0.23 | 331.2+6.5 98.50 £ 6.93 38.8+£0.3

This study’s mutant set: L171G, L171V and L171W aimed to investigate changes in amino acid
size on overall structural stability by mutating non-polar, small amino acids to larger volume
occupying ones at one site: 171. We note the hydrophobicity trend is not consistent with the
volumetric trend and we challenge which trend is dominant to one another.?°

Based on the previously published data in Table 1 of L171, the trend for non-polar amino acids
with increasing space filling effects by volume and appears to be proportional to keat but inversely
proportional to Km. Noting from a previous study, features of overall catalytic efficiencies may
not be predictive of either keat or Km independently!® when fitted to the Michaelis-Menten model*®.
In this model, Km approximates how readily substrates bind to the enzyme, kcat quantifies the rate
at which product is formed and detaches from the enzyme, and the overall catalytic efficiency is
represented as Keat/Km.

We hypothesize L171G will have similar functional outcomes to L171A but with increased Kwm
value and a lower kcat. When comparing the kinetic and thermostability assay results from L171A



to L171 (Table 1), there is a reduced binding efficiency, similar turnover rate and reduced overall
catalytic efficiency. We expect to see the same effects in L171G relative to L171 based on the
trend previously described. Conversely, for L171V, a decreased Km and increased Kcat relative to
L171A but not to L171. The rationale for this is due to their increasing volumetric trend?° from G,
A, V, L, M, W for nonpolar amino acids in this study. Here, the previously published assay results
for keartand Kwm in Table 1 define the quantifiable lower and upper bounds to base a hypothesis for
L171G and L171V.

A reasonable hypothesis was formed for L171G and L171V as L171A and L171 are both aliphatic,
nonpolar amino acids. However, there has not been a ring-containing amino acid that has been
characterized at this site yet. A hypothesis for L171W is not as strongly supported due to its novelty
as an aromatic structure that has yet to be characterized and assayed. Although L171M and L171W
are amino acids with hydrophobic side chains, a hypothesis based on the absence of ring structure
and inability to form a new hydrogen bond interaction seems not strongly supported given these
limitations. The previous characterization of L171Q, might lend insights as there is the potential
to form a hydrogen bond on Y166, which we modeled occurring in the L171W variant. However,
whether this translates, or is lost given the ring structures interactions, is difficult to predict. Solely
on the basis of increasing volumetric size for non-polar amino acids from Table 1 which suggests
space-filling affects are proportional to kecat but inversely proportional to Km, we hypothesize
L171W to have an increased Kinetic activity and decreased thermostability relative to L171 based
on the other nonpolar amino acids: L171A, L171 regardless of its aliphatic characteristic.

By focusing in on one site of the protein, we investigate the space filling effects of nonpolar
structures to determine if the trend for non-polar aliphatic amino acids with increasing space filling
effects are consistent with the trends shown in Table 1. Moreover, to introduce novel chemical
class®® that may be useful in protein design and observe how they compare to other mutants on
the same site.?? These mutants add to the Design to Data database to quantitatively catalog the
effects of a single point mutation on BgIB to potentially become the foundation for developing
improved algorithms that more accurately predicts a mutations’ effect based on empirically
determined protein thermal stability and kinetic activity.
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