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B Introduction

Hypermobile Ehlers-Danlos Syndrome (hEDS) is a con-
nective tissue and joint disorder that is diagnosed in 1 in 500
people globally and is predicted to affect up to 25% of people
in an undiagnosed and mild manner."? Inflicted patients suffer
from chronic muscular and bodily pain; increased risk of injury
and disease; loss of connective tissue function; joint pain/insta-
bility; and various other complications.® Primarily caused by
genetic mutations and inherited through family lineages, the
incidence of hEDS cases is steadily increasing. Despite the in-
creasing need for therapeutics, there are currently no targeted
therapies—only retrospective painkillers and vitamin supple-
ments.*®

The predominant mutation in hEDS patients is the suppres-
sion of the methylenetetrahydrofolate reductase (MTHFR)
gene, resulting in haltered expression of the MTHFR enzyme.°
Metalloprotease-2 (MMP-2) is an enzyme that aids in the ca-
talysis of cleavage within various extracellular matrix (ECM)
peptides and proteins. Recent discoveries have heavily associat-
ed MMP-2 with a complex biological pathway involved in the
advancement of hEDS.”

Typically, MTHFR would catalyze a reaction to form
5-methylenetetrahydrofolate (5-MTHF) from 10-methy-
lenetetrahydrofolate (10-MTHF), as seen in Figure 1.7
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Figure 1: Visualization of the MTHFR enzyme cleaving the 10-MTHF
vitamin into the 5-MTHF vitamin.

5-MTHEF would subsequently inhibit the MMP-2 enzyme.
This inhibition would result in an organized extracellular
matrix (ECM) and inactivated fibroblast, a cell mechanism re-
sponsible for injury repair, as seen in Figure 2.7
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Figure 2: Visualization of the MTHFR gene mechanism, the MTHFR
gene produces MTHFR, which produces 5-MTHF, which then inhibits the
MMP-2 enzyme, leading to proper regulation of the debris in the ECM and
resting fibroblast.

Downregulation mutations in the MTHFR gene, found in
hEDS patients, result in reduced MTHFR expression, leading
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to the reduced production of 5-MTHEF. This allows MMP-2
to be overactivated and cleave decorin, a peptide that increases
the availability of transforming growth factor p (TGFf) and
thus, activates fibroblasts without any injury to repair. This
leads to fibrosis, which is the scarring and damage of tissue
caused by falsely activated fibroblasts, as seen in Figure 3.7
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Figure 3: Visualization of the downregulated MTHFR gene mechanism,
the MTHFR gene produces less MTHFR, which produces less 5-MTHE,
which then cannot inhibit the MMP-2 enzyme, leading to MMP-2 cleaving
decorin, resulting in increased TGFf and, in turn, activating fibroblast or
inducing fibrosis.

The mechanism described above allows the supplementation
of 5-MTHEF to be a possible therapeutic for hEDS. Howev-
er, clinical supplementation of this compound had minimal to
no results.” Further analysis determined that another biolog-
ical process involving methionine synthase actively converts

5-MTHEF into 10-MTHE, reducing its efficacy drastically, as

seen in Figure 4.7
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Figure 4: Visualization of the methionine synthase mechanism, methionine

synthase catalyzes a reaction to form 10-MTHF from 5-MTHEF.

As a method to counteract these results, testing synthetic
inhibitors of MMP-2 could prove to be an effective therapeu-
tic for hEDS. These inhibitors would be selective yet unique,
allowing them to inhibit MIMP-2 without being catalyzed by

methionine synthase, as seen in Figure 5.
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Figure 5: Visualization of the downregulated MTHFR gene mechanism
with the proposed MMP-2 inhibitors as drug candidates, the synthetic
MMP-2 inhibitors could compensate for the reduced 5S-MTHF production
by inhibiting MMP-2 and returning normal function in the ECM.

B Methods

Methods Overview:

The basic procedure of the experiment consisted of 3 main
phases as follows: MMP-2 Protein Expression, Computa-
tional Inhibitor Screening, and Experimental/Activity Assays

(Figure 6).
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Figure 6: Methodology phases are separated into Recombinant MMP-
2 Protein Expression, Computational Ligand Screening, and Experimental
Assays, with purposes and methodologies briefly described.

Expression of Recombinant MIMP-2 Enzyme:

Validation of potential inhibitors of the MMP-2 protein
could only be done utilizing in vitro testing. MMP-2 protein
could not be obtained from patient donors due to logistical and
legal constraints. Replication of in vivo activity could be shown
through recombinantly expressed proteins. The study utilized
Expi Chinese Hamster Ovary (ExpiCHO™) cells and proto-
cols to produce MIMP-2 using two distinct expression vectors,
recombinant DNA used to produce protein.® CAUTION:
The mentioned methods and protocols can expose individuals
to biological, chemical, and mechanical hazards.

In-vivo expression of the MMP-2 protein produces a pro-
peptide region along with the protein itself to fold it properly,
so recombinant expression vectors were ordered with the pro-
peptide amino acid sequence along with the protein amino acid
sequence. The propeptide region keeps the MIMP-2 enzymati-
cally inactive until cleaved using the membrane type 1 matrix
metalloproteinase (MT1-MMP) enzyme in vivo (Figure 7).
However, with no access to MT1-MMP, the study mutated the
amino acid sequence to include a Furin enzyme cleavage site
(RAKR) since the study had access to Furin (Figure 8).1° This
resulted in the study producing two separate MIMP-2 proteins,
one with the wild-type amino acid sequence known as MIMP-
2-Native and one with the Furin cleavage site implemented
between the propeptide sequence and the MMP-2 protein se-
quence (Table 1). The study chose to produce MMP-2-Native
even though MT1-MMP was not available, since there are
possibilities of autocatalysis and autoactivation, which would
not require MT1-MMP. Furthermore, MMP-2-Furin could
alter the protein’s structure, resulting in a completely different

protein, so MMP-2-Native was produced as a backup.
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Figure 7: Visualization of in vivo activation of MMP-2, MMP-2 remains
inactive until MT1-MMP cleaves off the propeptide sequence.
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Figure 8: Visualization of suggested in vitro activation of MMP-2, MMP-
2 remains inactive until Furin cleaves off the propeptide using the Furin
cleavage site, which was implemented.

Table 1: The table displays the two variants of MMP-2, which will be
produced in this study, along with the plasmid amino acid sequence color-
coded by each segment of the protein, labeled in the notes section.

MMP-2-Native and MMP-2-Furin Amino Acid Sequence

MMP-2 Variant Amino Acid Sequence

MMP-2-Native MGVKVLFALICIAVAEAAPSPTIKFPGDVAPKTDKELAVQYINTFY
GCPKESCNLFVLKDTLKKMQKFFGLPQTGDLDONT IETMRKPRCGN
PDVANYNFFPRKPKWDKNQITYRIIGYTPDLDPETVDDAFARAFQV
WSDVTPLRFSRIHDGEADIMINFGRWEHGDGYPFDGKDGLLAHAFA
PGTGVGGDSHFDDDELWTLGEGQVVRVKYGNADGEYCKFPFLFNGK
EYNSCTDTGRSDGFLWCSTTYNFEKDGKYGFCPHEALFTMGGNAEG
QPCKFPFRFQGTSYDSCTTEGRTDGYRWCGTTEDYDRDKKYGFCPE
TAMSTVGGNSEGAPCVFPFTFLGNKYESCTSAGRSDGKMWCATTAN
YDDDRKWGFCPDQGYSLFLVAAHAFGHAMGLEHSQDPGALMAPTYT
YTKNFRLSQDDIKGIQELYGASPDH6

MMP-2-Furin MGVKVLFALICIAVAEAAPSPIIKFPGDVAPKTDKELAVQYLNTFY
GCPKESCNLFVLKDTLKKMQKFFGLPQTGDLDONT IETMRKPRCGN
PRAKRYNFFPRKPKWDKNQITYRIIGYTPDLDPETVDDAFARAFQV
WSDVTPLRFSRIHDGEADIMINFGRWEHGDGYPFDGKDGLLAHAFA
PGTGVGGDSHFDDDELWTLGEGQVVRVKYGNADGEYCKFPFLFNGK
EYNSCTDTGRSDGFLWCSTTYNFEKDGKYGFCPHEALFTMGGNAEG
QPCKFPFRFQGTSYDSCTTEGRTDGYRWCGTTEDYDRDKKYGFCPE
TAMSTVGGNSEGAPCVFPFTFLGNKYESCTSAGRSDGKMWCATTAN
YDDDRKWGFCPDQGYSLFLVAAHAFGHAMGLEHSQDPGALMAPIYT
YTKNFRLSQDDIKGIQELYGASPDH6

Note. REKR = furin cleavage site - MMP2 propeptide - MMP2 catalytic domain
- His6 tag

Table 2: The table displays the amino acid sequence of both MMP-2 Native
and MMP-2 Furin, which have been aligned against each other to emphasize
the differences.

Native 1
Furin 1

MGVKVLFALICIAVAEAAPSPIIKFPGDVAPKTDKELAVQYLNTFYGCPKESCNLFVLKD
MGVKVLFALICIAVAEAAPSPIIKFPGDVAPKTDKELAVQYLNTFYGCPKESCNLFVLKD

Native 61
Furin 61

TLKKMQKFFGLPQTGDLDQNTIETMRKPRCGNPDVANYNFFPRKPKWDKNQITYRIIGYT
TLKKMQKFFGLPQTGDLDQNTIETMRKPRCGNPRAKRYNFFPRKPKWDKNQITYRIIGYT

Native 121
Furin 121

PDLDPETVDDAFARAFQVWSDVTPLRFSRIHDGEADIMINFGRWEHGDGYPFDGKDGLLA
PDLDPETVDDAFARAFQVWSDVTPLRFSRIHDGEADIMINFGRWEHGDGYPFDGKDGLLA

Native 181
Furin 181

HAFAPGTGVGGDSHFDDDELWTLGEGQVVRVKYGNADGEYCKFPFLFNGKEYNSCTDTGR
HAFAPGTGVGGDSHFDDDELWTLGEGQVVRVKYGNADGEYCKFPFLFNGKEYNSCTDTGR

Native 241
Furin 241

SDGFLWCSTTYNFEKDGKYGFCPHEALFTMGGNAEGQPCKFPFRFQGTSYDSCTTEGRTD
SDGFLWCSTTYNFEKDGKYGFCPHEALFTMGGNAEGQPCKFPFRFQGTSYDSCTTEGRTD

Native 301
Furin 301

GYRWCGTTEDYDRDKKYGFCPETAMSTVGGNSEGAPCVFPFTFLGNKYESCTSAGRSDGK
GYRWCGTTEDYDRDKKYGFCPETAMSTVGGNSEGAPCVFPFTFLGNKYESCTSAGRSDGK

Native 361
Furin 361

MWCATTANYDDDRKWGFCPDQGYSLFLVAAHAFGHAMGLEHSQDPGALMAPIYTYTKNFR
MWCATTANYDDDRKWGFCPDQGYSLFLVAAHAFGHAMGLEHSQDPGALMAPIYTYTKNFR

Native 421
Furin 421

LSQDDIKGIQELYGASPDHHHHHH 444
LSQDDIKGIQELYGASPDHHHHHH 444

The protein was purified using the His-6 tag at the end of
the protein and immobilized metal affinity chromatography
(IMAC) as stated in well-known protocols.” To ensure that
the protein produced was indeed MMP-2-Native and MMP-
2-Furin, a protein Ultraviolet (UV') Scan and a sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) were

conducted according to well-established protocols.'*

Computational Identification of Synthetic Inhibitors of
MMP-2:

Identification of effective inhibitors manually through tri-
al-and-error processes is time-consuming, ineffective, and
expensive. As a result, the study utilized a computational
chemistry program called Maestro to computationally identify
the best inhibitors for the MIMP-2 protein. Maestro was the
only computational chemistry software available for the study.
Various arrays of analysis were used. The ligands that were
tested come from a bank of 150,000 compounds that are avail-
able for use in the study. The purpose is to find inhibitors with
low IC50 values. (Inhibitory Concentration 50%)—a metric of
inhibitory potency.

The study strategically filtered through the 150,000 com-
pound library using a workflow that is shown in Figure 9.
The figure will include the number of compounds the study
expects to remain in each section of the workflow. Refer to
the Maestro resource catalog for specific information (such as
methodology and protocols) on any specific section.™

Figure 9: Visualization of computational workflow for filtering compounds
with the highest predicted inhibitory potency in Schrodinger Maestro’s
application.

The computational workflow, which was used to identify
drug candidates, can be seen in a visual representation above
in Figure 9.

High Throughput Virtual Screening (HTVS): Screens
150,000 compounds and eliminates 50,000 compounds based
on the physical size of the compound in comparison to the ac-
tive site of the protein, i.e., whether the compound is too large
or too small for the active site.*

Standard Precision (SP) Docking: Screens 100,000 com-
pounds and eliminates 92,000 compounds based on predicted
thermochemical favorability presented as a docking score (the
more negative, the more thermochemically favorable). This
metric is produced through computational rigid pose dock-
ing, rigidly placing various compounds in the active site and
predicting the various forces of attraction and repulsion (hy-
drogen bonds, pi-cation bonds, etc.).™

Extra Precision (XP) Docking: Screens 8,000 compounds
and eliminates 7,500 based on docking scores similar to SP
Docking, however, with more computational power and time

provided.*
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Molecular Mechanics Generalized Born Surface Area
(MMGBSA) Solvation Model: Screens 500 compounds and
eliminates 400 compounds based on thermochemical favor-
ability presented as a AG Bind Score (the more negative,
the more thermochemically favorable). The AG Bind Score
is expressed in kcal/mol of reaction. This metric is produced
through computational dynamic free binding docking, which
allows the protein and the compound to rotate and move (sim-
ilar to in-vivo expectations) and records the various forces of
attraction and repulsion (hydrogen bonds, pi-cation bonds,
etc.).!

Quantitative Structure Activity Relationship (QSAR):
Creates a Machine Learning Model given known inhibitors
of MMP-2 in order to predict the IC50 values of screened
compounds. Around 6,000 known MMP-2 Inhibitors were
used to generate this model. All 100 remaining compounds
had IC50 values predicted for them.™

Manual Selection: 15 compounds were chosen based on the
cell permeability of the compound and the QSAR-generated
I1C50 value.'4%

The study utilized the crystal structure and control inhib-
itor for the computational analysis from the Protein Data
Bank (access code: 7XGJ) for all computational analyses.!
The known inhibitor cited in the paper was also isolated and
screened through the workflow above for control validation.
This control was chosen because it was one of the few in-
hibitors of the MMP-2 protein, which had recorded crystal
structures in complex with MMP-2.

In Vitro Experimental Assays of MIMP-2-Furin and MMP-
2-Native:

In order to prepare the recombinantly produced proteins for
an IC50 Assay, the study needs to ensure that the proteins pro-
duced are stable and enzymatically active.'” The study chose to
use a Thermal Shift Assay to determine the protein’s stability
through the proxy of how rapidly it denatures using well-docu-
mented protocols.’® The study then chose to activate a portion
of the MMP-2-Furin protein using 1 pLL of 1 uM sample ac-
tive Furin and incubate the sample at 32 degrees Celsius for
30 minutes. After that, an enzymatic activity assay was set up
to determine whether the activated MMP-2-Furin was indeed
active according to a well-documented protocol.’* The spe-
cific substrate that the study chose was the MMP-2/MMP-7
Fluorogenic Substrate due to easy access and relatively cost-ef-
ficient pricing.”!

The study aimed to run an IC50 Assay using active MMP-2
and all 15 identified compounds to determine the best-per-
forming drug candidate for further experimentation.'”

B Result and Discussion

Expression of Recombinant MIMP-2 Enzyme: Results:

After producing and purifying both MMP-2-Furin and
MMP-2-Native proteins using well-known protocols elabo-
rated on in the methodology portion of the paper, the purified
protein was analyzed using a UV absorbance scan and an
SDS-PAGE gel, respectively. The UV absorbance scan ini-
tially validated that the study successfully purified the protein

at high concentrations. As seen in Figures 9 and 10, the UV
Absorbance scan measured the amount of light absorbed at
various wavelengths. Typically, all proteins absorb light at 280
nanometers. Both MMP-2-Native (Figure 10) and MMP-
2-Furin (Figure 11) had multiple fractions that had high
absorbance at the 280-nanometer mark, indicating a high con-
centration of protein.
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Figure 10: This graph shows the absorbance of 10 different protein
fractions of the MMP-2-Native protein culture at different wavelengths. The
graph shows that multiple fractions of protein have high absorbance at 280
nanometers, indicating that there is sufficient protein in this purified culture
of MMP-2-Native.
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Figure 11: This graph shows the absorbance of 10 different protein
fractions of the MMP-2-Furin protein culture at different wavelengths. The
graph shows that multiple fractions of protein have high absorbance at 280
nanometers, indicating that there is sufficient protein in this purified culture
of MMP-2-Furin.

After validating that both purified protein cultures have pro-
tein, the study chose to validate that the protein was indeed
MMP-2-Native and MMP-2-Furin by conducting an SDS-
PAGE gel, which would reveal the molecular weight of the
protein tested. If the study successfully produced MMP-2-
Native and MMP-2-Furin, then the SDS-PAGE will indicate
that the molecular weight of both proteins would be around 50
kilodaltons.'® The SDS-PAGE for both MMP-2-Native and
MMP-2-Furin is shown below in Figure 12 and Figure 13,

respectively.

Gel Label
1: Load
2: Flow Thru
3: Fraction 1
4: Fraction 2
5: Fraction 3
6: Fraction 4
7: Fraction 5
8: Fraction 6
9: Fraction 7
10: Fraction 8
11: Fraction 9
12: Fraction 10
13: Ladder

Weight (kDa)

Figure 12: This graph shows the molecular weight of the MMP-2-Native
protein culture to be around 50 kilodaltons for fractions 4 and 5 when
compared against the protein weight ladder, which shows various milestones
of weight in kilodaltons. This validates that the MMP-2-Native culture
expressed is MMP-2.
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Gel Label
1: BLANK
2:Load
3: Flow Thru
4: Fraction 1
5: Fraction 2
6: Fraction 3
7: Fraction 4
8: Fraction 5
9: Fraction 6
10: Pellet 1
11: Pellet 2
12: Ladder

Weight (kDa)
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Figure 13: This graph shows the molecular weight of the MMP-2-Furin
protein culture to be around 50 kilodaltons for fractions 4 through 12 when
compared against the protein weight ladder, which shows various milestones
of weight in kilodaltons. This validates that the MMP-2-Furin culture
expressed is MMP-2.

The study successfully produced the MMP-2 protein in
fractions 4 and 5 in the MMP-2-Native culture and in frac-
tions 4 through 12 in the MMP-2-Furin culture. Fractions 4
and 5 were consolidated into a master stock for MIMP-2-Na-
tive. Fractions 4 through 12 were consolidated into a master
stock of protein for MMP-2-Furin. The concentration of the
MMP-2-Native and MMP-2-Furin cultures was determined
through a UV nanodrop with well-known protocols for more
precision than the typical UV absorbance scan.?? The nano-
drop revealed that the MMP-2-Native and MMP-2-Furin
had concentrations of 3.87 milligrams/milliliter and 3.96 mil-
ligrams/milliliter, respectively.

From the two SDS-PAGE gels that were conducted, it can
be concluded that the two protein samples have molecular
weights of approximately 50 kilodaltons, the theoretical weight
of MMP-2. Although there are clear, concentrated markings
at the desired protein weight markings for both proteins, the
various erroneous markings can indicate impurities that may
affect the further downstream end of experimentation on these
proteins.

Computational Identification of Synthetic Inhibitors of
MMP-2: Results:

After conducting all phases of the computational work-
flow cited in the methodology, the study narrowed down 15
compounds that have a high likelihood of being successful in-
hibitors for MMP-2 and, in turn, a successful drug candidate
for hEDS. The top 15 compounds with their respective name
designations, XP docking scores, and MM-GBSA binding af-

finity scores can be seen below in Table 3.

Table 3: The table displays 15 top compounds that were computationally
identified to be potent inhibitors for the MMP-2 protein. This data was
attained through computational chemistry metrics identified and explained in
the methodology portion.

Compound XP Docking Score MM-GBSA Binding Affinity (kcal/mol)

5871-1859 -10.330 -45.42

ChemEBridge.3040 -12.454 -44.94

BAS 0643083 -10.324 -44.50

BAS 2282287 -10.302 -43.73

BAS 2825385 -12.469 -42.69

BAS 1538434 -10.803 -41.58

ASN 3734129 -10.806 -36.65

4180-0304 -10.176 -35.00

Y200-1346 -10.371 -34.84

ChemBridge.14336 -11.092 -34.50

ChemBridge.11749 -11.141 -33.14

BTE 14099 -10.256 -33.07

3664-0103 -12.236 -33.00

BAS 0791468 -10.735 -32.85

4358-2835 -10.628 -31.97

When looking at various poses (physical positions in cor-
respondence to the binding site) of all 15 compounds, the top
compound, 5871-1859, had poses that seemed improbable, as
well as many aromatic rings, which make it a larger compound,
making it unideal. Due to those reasons, ChemBridge 3040
was considered the top inhibitor for this study. ChemBridge
3040’s position, as well as the various bonds that occur while
inhibiting MMP-2, visualized by Maestro, can be seen below
in Figure 14.

Figure 14: This visualization showcases the MMP-2 protein (rainbow) in
complex with the top inhibitor Chembridge 3040 (pink). The various bonds
(hydrogen, aromatic, etc.) are also showcased.

The individual compound of ChemBridge 3040 can also be

seen isolated alone in Figure 15 below.

Figure 15: This visualization showcases the ChemBridge 3040 compound
with carbons identified in green, nitrogens in blue, oxygens in red, and polar
hydrogens in white. Non-polar hydrogens are not displayed.

The interactions between ChemBridge 3040 and the
MMP-2 protein can be further analyzed in a ligand interac-
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tion diagram, shown below in Figure 17. The diagram labels
can be seen in Figure 16.

Hydrophobic
® Charged (negative)
® Charged (positive)
— H-bond
*—* Pi-Pi
—e Pi-Cation
— Salt Bridge
Solvent Exposure

Figure 16: This figure shows the diagram labels for the following ligand
interaction diagrams between inhibitory compounds and the MMP-2 protein.
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Figure 17: This figure is a ligand interaction diagram between MMP-2’s
various amino acids and ChemBridge 3040, which was the top inhibitor
identified in this study. Please refer to Figure 16 for diagram labels.

As a comparison to ChemBridge 3040, the study also de-
veloped a ligand interaction diagram for the control inhibitor,
which was identified in the methodology section. This control
inhibitor ligand interaction diagram can be seen below in Fig-

ure 18.

Figure 18: This figure is a ligand interaction diagram between MMP-2’s
various amino acids and the control inhibitor, which was identified previously
by other researchers. Please refer to Figure 15 for diagram labels.

The QSAR Model was created from 6,000 MIMMP-2 inhib-
itors.”® The model was trained to predict the IC50 value for
MMP-2 of given compounds. The model used 75% of the
dataset to train the model, and 25% of the dataset was used to
test the accuracy. The model was deemed sufficiently accurate
with an r? value of 0.91. A visualization of the model can be
seen below in Figure 19.
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Figure 19: This figure is a graph of the predicted IC50 value of various
inhibitors on the Y axis and the experimental IC50 values of the very same
inhibitors. The prediction model is represented by the line of best fit shown
in yellow.

The model predicted that ChemBridge 3040 would have an
IC50 value of 7.877 x 10° nanomolar. This would be much
more potent compared to the control inhibitor’s IC50 value of
0.20 nanomolar.

The study then used SwissADME properties to determine
the cell permeability of the top compound in comparison to the
control inhibitor. A half-boiled egg plot can represent perme-
ability, the ability to pass through various materials, by placing
the compound as a point on the plot. The plot has a gray outer
region, which represents impermeability through most bio-
logical barriers, including the gastrointestinal tract, which is
how drugs are typically delivered. The inner white region, as
well as the inner yellow region, represents gastrointestinal per-
meability, meaning that the compound has the potential to be
delivered as a drug orally. The innermost yellow region also
means that the compound can pass through the blood-brain
barrier and can act as a proxy for cell membrane permeability.
Since MMP-2 is an extracellular protein, the ideal range for
the MMP-2 inhibitory compound is in white since it will be a
deliverable drug yet not too permeable such that it permeates
cells unnecessarily. Figure 20 below shows the half-boiled egg
plot with the top and control compound.
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Figure 20: This figure is a graph of the WLOGP on the y axis, which is
the octanol-water partition coefficient, which can predict a compound’s
lipophilicity, and TPSA on the x axis, which is the topological polar surface
area, which, in combination with the WLOGP, can predict bioavailability as
described above.
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The control inhibitor can be seen in the gray area, meaning
that the compound is not permeable through the gastrointesti-
nal tract. The top inhibitor, ChemBridge 3040, can be seen in
the white region of the graph, meaning that the compound is
the ideal permeability that the study sought after in MMP-2
inhibitors.

All these factors indicate that ChemBridge 3040 will be a
better inhibitor for this study in comparison to the control in-
hibitor.

In Vitro Experimental Assays of MMP-2-Furin and MMP-
2-Native:

The stability of MMP-2-Native and MMP-2-Furin was
assessed through a thermal shift assay, with increases in the
temperature of a protein with a fluorescent dye along with it.
As the protein denatures, the dye will bind to the amino acids
and emit fluorescence, indicating when the protein unravels.
A stable protein will have a defined peak in this range of tem-
peratures to indicate its ideal state. If a peak is not defined,
that could indicate an improperly folded protein. The Thermal
Shift Assay of MMP-2-Native can be seen below in Figure 21.

Melt Curve

40
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N-MMP-2 (control) ran in
duplicate

Figure 21: This figure is a graph of the Thermal Shift Assay of MMP-2-
Native as described above. RFU stands for relative fluorescent units.

Since MMP-2-Native had no defined peak, the study de-
termined that the protein could be unstable. This resulted in
the study supplementing the protein with zinc and calcium
ions since they were structural ions that were missing in the
expression feeds, leading to unstable protein. The study pre-
dicted that the addition of these ions could induce spontaneous
folding. The Thermal Shift Assay was run again with the
MMP-2-Native and MMP-2-Furin, both before and after ion
supplementation. This can be seen below in Figure 22.
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Figure 22: This figure is a graph of the Thermal Shift Assay of MMP-
2-Native and MMP-2-Furin as described above. RFU stands for relative
fluorescent units.

The supplementation of ions resulted in a more defined

curve for MMP-2-Native, but MIMP-2-Furin still seems un-

stable and denatured. Despite unideal conditions, the study
moved forward with enzyme activity assays since any doubts
on protein stability can be answered if the study could see
whether the protein is enzymatically active.

The MMP-2 protein is a protease, meaning that its en-
zymatic activity involves cutting other proteins. This led the
study to use a fluorogenic substrate identified in the method-
ology, which would typically be cleaved by MMP-2 and, in
turn, release fluorescence. The MMP-2-Furin protein was ac-
tivated with Furin. The MMP-2-Native protein is activated
using Tween-20 (detergent) and a reducing agent (DT'T) to
reduce the thiol group between the propeptide and the native
sequence. The enzyme activity assays for both MMP-2-Furin
and MMP-2-Native can be seen, respectively, in Figure 23 and
Figure 24 below.
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Figure 23: This figure is a graph of the enzyme activity assay of MMP-2-

Furin as described above. RFU stands for relative fluorescent units.
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Figure 24: This figure is a graph of the enzyme activity assay of MMP-2-

Native as described above. RFU stands for relative fluorescent units.

The increase in RFU may show that both MMP-2-Furin
and MMP-2-Native, though to different degrees, were active
and properly produced. This also validates that the novel acti-
vation mechanism that the study used with the MIMP-2-Furin
protein might be functional. The enzymatic kinetics of this ac-
tivity assay need to be further validated with further in vitro
testing in order to have sufficient evidence of activation.

Future Works:

In the future, the study plans on conducting the IC50 as-
say in combination with the active MMP-2 proteins and the
fluorogenic substrate to measure the decrease in relative fluo-
rescence emitted, as stated in the methodology. Crystallization
of proteins will allow the study to analyze the structure of the
protein and how it interacts with the inhibitory compound.
This crystallization and x-ray diffraction will occur using
known crystallization methods of the MMP-2 protein.” The

study also plans to crystallize the inactive and active versions of
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MMP-2-Furin and MMP-2-Native. The crystallization will
also be attempted with the MMP-2 active protein in complex
with all tested inhibitors. This allows the study to find defini-
tive answers on the effectiveness of various MMP-2 inhibitors
in the context of hEDS disease. Further adaptations of this re-
search would include 7 vivo effectiveness in mammalian cells
to see if the MMP-2 inhibitors have the anticipated effect,
which was hypothesized in the context of hEDS.

B Conclusion

This study aimed to develop a therapeutic relief drug for
hypermobile Ehlers-Danlos Syndrome (hEDS). Through lit-
erature review and research, it was revealed that the MTHFR
gene mechanism mutation could be the leading cause of hREDS
symptoms. This study chose to target a specifically overex-
pressed portion of this mechanism, which was the MMP-2
protein. The study analyzed various small-molecule inhibitors
to help inhibit the activity of MIMP-2 and regulate its function
in hEDS patients to provide relief from hEDS symptoms. The
study successfully identified 15 potential drug candidates or
MMP-2 inhibitors computationally. The study also developed
a novel activation mechanism for the MMP-2 protein using
a Furin enzyme cleavage site for ease of use in in vitro set-
tings. This successful identification of MMP-2 inhibitors and
in vitro expression of the MMP-2 protein will allow future re-
searchers to validate the study’s results and potentially develop
a drug utilizing the hypothesis developed in the study.
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