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COMPOUND FOR INACTIVATING VIRUSES
AND BACTERIA AND METHOD OF MAKING
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates 1n general to a substance for disin-
fecting virus and bacteria and, in particular, to a chemaical
substance that digests and disinfects virus and bacteria so as
to break them down and suppress their infection to host cells
and proliferation. The present invention also relates to a
method for producing such substance.

2. Technical Background

Microbes such as virus and bacteria are microorganisms
responsible for many diseases, many of which are fatal to
human 1f infected. Various medical treatments including vac-
cination and drug cures are available for human 1n the defense
against known microbes. However, for known or unknown
virus and bacteria alike for which no known defense or cure
are available are fierce enough to inthict high mortality and are
capable of efficient infection schemes such as airborne trans-
mission, the first and only effective means for protection 1s
disinfection.

Disinfection of virus and bacteria can be achieved physi-
cally, chemically and biochemically. Physical disinfection
schemes include heating, drying, freezing, radioactive 1rra-
diation and filtration, etc. These physical disinfection
schemes are relatively constrained 1n terms of factors such as
characteristics of environments i which to perform such
processing. Chemical and biochemical disinfection schemes
are thus more practically applicable for defense against virus
and bacteria.

Materials and substances generally used as chemical or
enzymatic disinfectants include acid, alkaline, alcohol, car-
bolic acid, formaldehyde, surfactants, halogen, heavy metals,
dyes oxidants and protease etc. i principle, they achieve
microorganism disinfection chemically or enzymatically via
one or more of four of the following effects: damages to
envelope/membrane, destruction of cellular transportation,
viral/bacterial protein digestion/denaturing, and enzyme
reactivity and/or receptor aifinity suppression.

Effectiveness of chemical/enzymatic disinfectants 1s var-
ied. In principle, the more effective 1s a chemical/enzymatic
disinfectant, the more hazardous it 1s likely to human. Selec-
tion of disinfectants depends on factors including the type of
the target microbe, characteristics of the site to apply disin-
fection, and disease prevention requirements, among others.

In general, an 1deal chemical/enzymatic disinfectant
should qualify the following characteristics: efiectiveness
against a broad variety of microbes; negligible susceptibility
to organic compounds, superior viral/bacterial surface
destructive capability; non-corrosive, non-toxic and non-1rri-
tative to human; chemical/biochemical stability with accel-
crated disinfecting effectiveness; high water solubility; sus-
tained adherence to the surface of the disinfected object for
sustained viral/bacterial suppression capability; and reason-
able cost for mass production.

SUMMARY OF THE INVENTION

With the foregoing 1n mind, the present invention advan-
tageously provides a compound effective in breaking down
virus and bacteria so as to suppress their infection to host cells
and subsequent proliferation. The invention acts by digestion
of viral and/or bacterial structures by the action of 2-(10-
mercaptodecyl)-propanedioic acid or salts thereof. To
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2

achieve break down virus and bacteria, the present invention
provides a compound that comprises a 2-(10-mercaptode-
cyl)-propanedioic acid according to the formula:

Formula 1

HS g

OH

The present invention also provides a process for produc-
ing 2-(10-mercaptodecyl)-propanedioic acid according to the
reaction scheme as shown in FIG. 1.

BRIEF DESCRIPTION OF THE DRAWINGS

Some ol the features, advantages, and benefits of the
present invention having been stated, others will become
apparent as the description proceeds when taken 1n conjunc-
tion with the accompanying drawings, presented for solely
for exemplary purposes and not with itent to limit the mven-
tion thereto, and 1n which:

FIG. 1 shows a chemical reaction for synthesizing the
compound of the present mvention, 2-(10-mercaptodecyl)-
propanedioic acid;

FIG. 2 provides microscopic images of Madin-Darby
canine kidney cells mfected by influenza virus HIN1 sub-
type, before and after treatment with the compound of the
invention;

FIG. 3 shows the surface ultrastructure of different single
HINI1 swine flu virus particles revealed by atomic force
microscopy betore (first column) and after (second to third
column) treatment by the nventive compound, 2-(10-mer-
captodecyl)-propanedioic acid, together with 10 correspond-
ing cursor profiles (second row) that provide quantitative
measurements of HIN1 virion dimensions;

FIG. 4 shows the surface ultrastructure of different single
avian intluenza virus (AIV) particles revealed by atomic force
microscopy before (first column) and after (second to third
column) treatment by the mventive compound, 2-(10-mer-
captodecyl)-propanedioic acid, together with corresponding
cursor profiles (second row) that provide quantitative mea-
surements of AIV virion dimensions; and

FIG. 5 shows the surface ultrastructure of different single
Enterovirus type 71 (EV-71) virions revealed by atomic force
microscopy betore (first column) and after (second to third
column) treatment by the inventive compound 2-(10-mercap-
todecyl)-propanedioic acid, together with corresponding cur-
sor profiles (second row) that provide quantitative measure-
ments of EV-71 virion dimensions.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this mvention
pertains. Although methods and materials similar or equiva-
lent to those described herein can be used 1n the practice or
testing of the present invention, suitable methods and mate-
rials are described below. Any publications, patent applica-
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tions, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict,
the present specification, mncluding any defimitions, will con-
trol. In addition, the materials, methods and examples given
are 1llustrative 1n nature only and not mntended to be limiting.
Accordingly, this invention may be embodied 1n many differ-
ent forms and should not be construed as limited to the 1llus-
trated embodiments set forth herein. Rather, these illustrated
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
invention to those skilled 1n the art. Other features and advan-
tages of the ivention will be apparent from the following
detailed description, and from the claims.

The inventive compound has been shown to be effective in
disrupting viral/bacterial structures to 1nactivate viruses that
possess an envelope (e.g., influenza virus HIN1, H5N1 and
H5N2 subtypes) as well as those that do not (e.g., Enterovirus
type 71) and, in addition, infective bacteria as well (e.g.,
Staphviococcus).

The present invention promotes breakdown of viruses and
bacteria to thereby suppress viral infection to host cells and
bacterial proliferation through the use of 2-(10-mercaptode-
cyl)-propanedioic acid or salts thereof to inactivate these
microorganisms.

The present invention also provides a method for making
the 2-(10-mercaptodecyl)-propanedioic acid. Synthesis of
the presently disclosed compound 1s based on the chemical
reaction shown in FIG. 1. The method of synthesis comprises
reacting ethyl 2-(10-bromo-decyl)malonate with thiourea
and ethanol and then with aqueous sodium hydroxide. A
preferred embodiment of the synthesis 1s as follows.

Reflux a solution of ethyl 2-(10-bromo-decyl)malonate
(5.5 mmole) and thiourea (6.6 mmole) 1n 95% ethanol (25

ml.) for 5 hours and then add an aqueous NaOH (2.0 M, 25
ml.) and reflux for another 15 hours. Then, add an aqueous
HC1 (2.0 M) until the solution becomes acidic (approximately
pH ~2). Extract the reaction mixture with ether three times
and wash and dry the combined organic layers with saturated
NaCl solution with MgSQO,,. The product, 2-(10-mercaptode-
cyl)-propanedioic acid, can then be obtained by removal of
solvent under reduced pressure.

The 1nventive compound 2-(10-mercaptodecyl)-pro-
panedioic acid or salts thereof 1s capable of partially or com-
pletely disrupting the envelope/membrane proteins of the
virus and bacteria and destroying their binding sites for the
host cells to thereby suppress their infective ability and their
proliferation.

To be effective 1 breaking down virus and bacteria, pret-
erably, the inventive compound 2-(10-mercaptodecyl)-pro-
panedioic acid or salts thereof should best be employed as a
solution of, for example, H,O, C1-C3 alcohol, tetrahydrofu-
ran (THF), dimethyl sulfoxide (DMSO) or any mixture
thereol but not limited thereto. More preferably, the inventive
compound 2-(10-mercaptodecyl)-propanedioic acid or salts
thereol should be dissolved 1n a mixture of ethanol and water.

Concentration of 2-(10-mercaptodecyl)-propanedioic acid
or salts thereotf 1n a solution should range from about 30 to
1,000 ppm to be etlective 1in suppressing viral/bacterial infec-
tion of host cells and subsequent proliferation of these micro-
organisms. When the concentration of 2-(10-mercaptodecyl)-
propanedioic acid 1s less than about 30 ppm, effective
disinfection may not be achieved. However, when the con-
centration 1s more than about 1,000 ppm, the inventive com-
pound becomes cytotoxic to host cells. Accordingly, pre-
terred concentrations for antimicrobial effectiveness of the
compound has been determined to range from about 45 to 750
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Based on the structure of its outer infective surface, a virus
can be grouped 1n one of two classes: (1) enveloped viruses
and (2) naked viruses, that 1s, viruses without an envelope.

Both types of viruses were found to be susceptible to the
disruptive effect of the present compound. Infection of host
cells and subsequent proliferation of these flu viruses can be
cifectively suppressed through the use of the inventive com-
pound and salts thereof. These influenza viruses include
Spanish flu virus, Asian flu virus, Hong Kong flu, avian influ-
enza, swine flu virus and their recombinant variants. Exten-
stve laboratory experiments have been conducted and the
results show that the compound of the present invention can
elfectively break down influenza virus HIN1, avian influenza
virus HSN1 and H5N2 subtypes to suppress their infection to
host cells and proliferation. Moreover, the mventive com-
pound has no cytotoxicity for host cells, a toxicity that can
result 1n cell deform, lysis or apotosis.

The 1mventive compound 2-(10-mercaptodecyl)-pro-
panedioic acid or salts thereof can disrupt non-enveloped
Enteroviruses to suppress their infection to host cells and
subsequent proliferation. Enteroviruses are small RNA picor-
naviridae. Contraction of Enterovirus type 71 often leads to
neurological complications. In laboratory experiments, the
compound of the present invention has been shown effective
in disrupting Enterovirus type 71 so as to suppress its miec-
tiveness for host cells and subsequent proliferation. More-

over, the inventive compound causes no cytotoxicity in the
host cell.

The 1mventive compound 2-(10-mercaptodecyl)-pro-
panedioic acid or salts thereof can also 1nactivate bacterial
pathogens such as Staphyviococcus and prevent its prolifera-
tion. There are as many as 26 subtypes of Staphylococci,
among which Staphviococcus aureus, Staphyvlococcus epi-

dermidis and Staphylococcus saprophyticus are common
infectious agents 1n the hospital setting. These are frequently
the cause of surgical site infections and various systemic
infections. In laboratory experiments, the compound of the
present ivention effectively suppressed Staphyviococcus
aureus infection and proliferation.

The term “host cell” as used herein refers to a living cell 1n
which a virus reproduces and includes a human cell. In the
description context of the present mnvention, host cells also
include those from non-human sources, for example, avians
including poultry or migratory birds; mammalian including
murine, caprine, bovine, porcine or equine; primates includ-
ing monkeys, apes and especially chimpanzees; or other ani-
mals as well. Likewise, the term “living organmism”™ as used
herein refers to the source organisms for the above cells.

In the description context of the present invention, “con-
tacting the viruses or bacteria outside of living organisms or
cells” means exposing the target virus or bacteria to 2-(10-
mercaptodecyl)-propanedioic acid or salts thereof outside of
a living organism or a cell, 1n an environment such as a test
tube or Petr1 dish or 1n a natural environment such as 1n air or
on an environmental surface.

According to the present invention, effectiveness of the
inventive compound in breaking down, disrupting or 1nacti-
vating viruses and bacteria so as to suppress their infectivity
and ability to proliferate 1s effected by contacting the target
microorganism with 2-(10-mercaptodecyl)-propanedioic
acid or salts thereof outside of living orgamisms or cells.

In accordance with the present invention, to break down or
disrupt viral or bacterial agents 1n order to suppress their
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infectivity and therefore subsequent proliferation in or on a
host cell, the inventive compound 2-(10-mercaptodecyl)-pro-
panedioic acid or salts thereol can be incorporated, for
example, 1n personal hygiene products such as feminine nap-
kins or public sanitation products such as toilet cleaners and
floor and surface cleaners, products for air sanitizing or air
freshening, or be coated on or incorporated 1n fabrics used to
make protective products such as face masks, protective
clothes and air filters, among others. When used 1n personal
hygiene, public sanitation or air cleaning/ireshening or per-
sonal hygiene products such as hand samitizers, liquid hand
wash, shower gels, shampoos or air spray, the inventive com-
pound 2-(10-mercaptodecyl)-propanedioic acid or salts
thereol can be contained 1n a composition together with other
additives based on their respective professional preparation
protocols, particularly 1n pharmaceutically acceptable com-
positions and with the guidance provided by such treatises as
United States Pharmacopeia or the National Formulary.

When wused on {fabrics, 2-(10-mercaptodecyl)-pro-
panedioic acid or salts thereof can be added directly to fibrous
materials used to produce such fabrics. Fibrous materials
applicable include high-molecular-weight non-woven mate-
rial, natural fibers or their mixtures, among others.

[

Experimental Data Showing Disinfection Efficacy

The mventive compound 2-(10-mercaptodecyl)-pro-
panedioic acid or salts thereol have been tested 1n various
laboratory experiments for an evaluation of the effectiveness
of their designed functionality, namely, the ability via disin-
fection to suppress bacterial/viral infection to host cells and
consequent proliferation. The following are the results of
several experiments.

Experiment 1: Suppression of Influenza Virus HIN1 Subtype

MDCK cells (5x10° cells) were cultured on 6-well plates
(Nunc). Influenza virus HIN1 subtype (A/WSN/33) (from
ATCC, USA) with titer of 1x10° PFU/mL (one milliliter of
inoculum contains 10° virions and can infect approximately
50% of the cells) was added to 500 ulL 2xMEM (minimum
essential medium) containing fetal bovine serum, the non-
essential amino acid L-glutamine and penicillin/streptomy-
cin.

The compound 2-(10-mercaptodecyl)-propanedioic acid
was dissolved 1n ethanol liquid (ethanol:water=1:10) to
obtain solutions with final concentrations o1 0, 6, 20, 60, 200,
600, 2,000 and 6,000 ppm. These solutions were each mixed
with an equal volume of the virus solution and 1ncubated at
room temperature (~23° C.) for 30 minutes. In this experi-
ment, the concentration of viral medium and 2-(10-mercap-
todecyl)-propanedioic acid thus became half that of the origi-
nal 5 concentration.

The control 1s 2-(10-mercaptodecyl)-propanedioic acid
mixed with an equal 2x growth MEM without virus. In this
control, the concentration of growth medium and 2-(10-mer-

captodecyl)-propanedioic acid thus became half that of the
original concentration.

Then, the above mixtures were added into MDCK cells and
incubated at 37° C. After 2 hours, the cells were washed with
P135 (phosphate buflered saline, Invitrogen) to remove
unbound viruses. Two milliliters per well of 1 xMEM without
tetal bovine serum were added and 1incubated for 36 hours at
37° C. CPE (cytopathic effects) were observed under a
reverse microscope (Zeiss). The cells with CPE became
rounded-up, detached from the plate and
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TABL.

(Ll

1

Efficacy of 2-(10-mercaptodecyl)-propanedioic acid
agaimmst HIN1 influenza virus

2-(10-mercaptodecyl)-
propanedioic acid (ppm)

O 3 10 30 100 300 1,000 3,000
Subtype of HIN1 CPE + + +- - - - (CIX CIX
influenza virus treated
with 2-(10-
mercaptodecyl)-
propanedioic acid
2-(10-mercaptodecyl)- CPE - - - - - - (IX (CIX

propanedioic acid only

+: Viral activity
ctx = cytotoxicity
—: No viral activity

eventually died. Table 1 summarizes the efficacy of the mnven-
tive compound 2-(10-mercaptodecyl)-propanedioic acid

against HIN1 influenza virus in three independent experi-
ments.

The above results show that the inventive compound 2-(10-
mercaptodecyl)-propanedioic acid 1s capable of protecting
cells against infection by influenza virus HIN1 subtype with
a concentration as low as 30 ppm. The control shows that
2-(10-mercaptodecyl)-propanedioic acid causes no cytotox-
icity when the concentration 1s smaller than 300 ppm. Cyto-
toxicity occurred only at concentrations exceeding 1,000

Experiment 2: Suppression of Tamiflu™-Resistant HIN1 5
Influenza Virus

MDCX cells (5x10° cells) were cultured on 6-well plates
(Nunc). Tamitlu™-resistant strain HIN1 influenza virus
(A/TW/066/09) (from ATCC, USA) with a titer of 7x10°
PFU/ml (one ml medium contains 10> virus and can infect
approximately 50% of cells) was added to 500 uL. 2xMEM

medium which contains Fetal bovine serum, non-essential
amino acid L-glutamine and penicillin/streptomycin.

The compound 2-(10-mercaptodecyl)-propanedioic acid
was dissolved in ethanol liquid (ethanol:water=1:10) to have
final concentrations of 0, 6, 20, 60, 200, 600, 2,000 and 6,000
ppm. These solutions were each mixed with an equal volume
of virus and incubated at room temperature (~25° C.) for 30
minutes. In this experiment, the concentration of wviral
medium and 2-(10-mercaptodecyl)-propanedioic acid thus
became half that of the original concentration.

The control 1s 2-(10-mercaptodecyl)-propanedioic acid
mixed with equal 2x growth MEM medium without virus. In
this control, the concentration of growth medium and 2-(10-
mercaptodecyl)-propanedioic acid thus became half that of
the original concentration.

Then, the above mixtures were added into MDCX cells and
incubated at 37° C. After 2 hours, the cells were washed with
PBS (phosphate buifered saline, Invitrogen) to remove

unbound viruses. Two milliliters per well of 1 xMEM medium
without fetal bovine serum were added and incubated for 36
hours at37° C. CPE was observed under a reverse microscope
(Zeiss). The cells with CPE became round-up and detached
from plate and eventually died.

Table 2 shows the efficacy of 2-(10-mercaptodecyl)-pro-
panedioic acid against Tamitlu™-resistant HIN1 strain in
three independent experiments.
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(L]

2

Efficacy of 2-(10-mercaptodecyl)-propanedioic acid
agaimst Tamiflu ™-resistant H1 N1 influenza virus

2-(10-mercaptodecyl )-
propanedioic acid (ppm)

O 3 10 30 100 300 1,000 3,000
Tamiflu ™-resistant CPE + + +- - - - C(CIX C(CIX
H1N1 influenza virus
treated with 2-(10-
mercaptodecyl)-
propanedioic acid
2-(10-mercaptodecyl) CPE - - - - - - C(CIX C(CTX

propanedioic acid only

+: Viral activity
CTX = cytotoxicity

—: No viral activity

In the above experimental results, 2-(10-mercaptodecyl)-
propanedioic acid 1s demonstrated to be able to protect cells
against infection by Tamiflu™-resistant HIN1 1nfluenza
virus with a concentration as low as 30 ppm. The control
shows that the 2-(10-mercaptodecyl)-propanedioic acid

causes no cytotoxicity when the concentration 1s less than 300
ppm. Cytotoxicity occurred only at concentrations exceeding,
1,000 ppm.

Experiment 3: Disruption of Tamiflu™-Resistant Influenza
Virus HINI1

For atomic force microscopic (AFM) studies, virions of
Tamitlu™-resistant HIN1 subtype influenza virus (A/TW/
066/09) were attached to the surface of a mica substrate. This
was done through electrostatic interaction by placing the
virions 1n contact with a freshly cleaved mica that had been
coated with poly-L-lysine hydrobromide, a positively
charged compound.

After cleanming the mica with methanol and Milli-Q water,
a drop of 0.01% (wt/vol) poly-L-lysine hydrobromide solu-
tion was applied and incubated for 30 minutes. The mica
surface was then washed with Mill1-QQ water before introduc-
tion of the HIN1 specimen. The specimen was applied onto
the treated mica for 5 min at room temperature, followed by
washing with distilled water (50 uL, 3 times) and drying 1n air
prior to the AFM experiment.

AFM experiments in tapping mode operation were carried
out using a multimode scanning probe microscope (SPI300
HYV, Seiko Instruments Inc., Chiba, Japan) in combination
with an optical microscope. AFM tips were 200 um long and
had a typical resonant frequency of 140 kHz (Nanosensor,
Wetzlar-Blankenield, Germany). Light tapping was used,
which involved maintaining a high amplitude reference rela-
tive to the free amplitude of the cantilever. Scanning began
typically on a 20 umx20 um area that contained hundreds of
H1N1 virions. Gradually, imaging size was reduced to 1solate
individual virion (200 nmx200 nm). HIN1 specimen were
scanned 1n both directions several times before capturing an
image 1n order to ensure that tip artifacts, such as hysteresis,
were not interfering with the imaging. Over 60 high-quality
images were captured for each HINI virion, from which a
number ol 1mages were selected. One of such 1mages 1s as
shown 1n FIG. 3A. When a line was drawn across the image,
the topography of the sample as a function of vertical distance
from the mica substrate surface was displayed, such as in FIG.
3A'. These height tracing were performed to provide more
information on how each treatment atlected the surface
topography of the 5 virus particle.

Then, the mica substrate adsorbed with HIN1 virions was
washed with Milli-Q) water before treatment by the inventive
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compound 2-(10-mercaptodecyl)-propanedioic acid. 10 uL
of 30 and 300 ppm solutions of the mventive compound 1n
distilled water were introduced to the mica substrate, respec-
tively, followed by incubation for 5-10 minutes prior to AFM
experiments.

Native HIN1 virions 1n an environment of distilled water
and that were completely intact served as a control (F1G. 3A).
When viruses were exposed to the inventive compound 2-(10-
mercaptodecyl)-propanedioic acid, theiwr viral morphology
was apparently affected, as 1s shown i FIGS. 3B and
3C—HI1N1 virions treated respectively with 30 and 300 ppm
of the inventive compound 2-(10-mercaptodecyl)-pro-
panedioic acid displayed ultrastructures with heterogeneous
surfaces. The native virion (FIG. 3A) was disrupted and

somewhat flattened as 1s readily observed in FIGS. 3B and
3C.

Moreover, the inventive compound 2-(10-mercaptodecyl)-
propanedioic acid caused a substantial reduction 1n the sur-
face height and 1rregularity 1n the viral surfaces. The corre-
sponding cursor profiles (FIGS. 3A'-3C") provide quantitative
measurements of the dimensions of the viral surface nano-
structures. Profiles displayed in FIGS. 3A'-3C' show that the
maximum height of particles as measured were approxi-
mately 34.16, 6.95 and 5.28 nm, respectively. Over 60 virus
particles treated with the inventive compound were exam-
ined.

Although some variations exist in the exact height of these
particles, the surface traces were, however, reproducible. Cal-
culated RMS height values of particles treated with 30 and
300 ppm of the mventive compound were 7.09+0.42 and
5.39+0.23 nm respectively.

Experiment 4: Suppression of Avian Influenza Virus H5N1

Subtype
MDCK cells were cultured on 96-well plates (Nunc). The

tested subtype of H5N1 avian influenza virus (1TW1209/03
(H3N1)AIV) (Animal Health Research Institute, Taiwan) has
a titer of 1x10” EID.,/0.1 mL (defined as 0.1 mL medium
contains 10’ virus that can infect 50% of cells) or 64 HAU/25
ul (defined as 25 ul. medium contains 64 hemagglutinins).

2-(10-mercaptodecyl)-propanedioic acid was dissolved 1n
cthanol liquid (ethanol:water=1:10) to have final concentra-
tions of 0, 6, 20, 60, 200, 600, 2,000 and 6,000 ppm. These
solutions were each mixed with an equal volume of virus and
incubated at room temperature (~25° C.) for 30 minutes. In
this experiment, concentration of viral medium and 2-(10-
mercaptodecyl)-propanedioic acid thus became half that of
the original concentration.

The control 1s 2-(10-mercaptodecyl)-propanedioic acid
mixed with equal 2x growth MEM without virus. In this
control, concentration of growth medium and 2-(10-mercap-
todecyl)-propanedioic acid thus became half that of the origi-
nal concentrations.

Then, the 100 pL. mixtures were added into MDCK cells
and icubated at 37° C., respectively. Alter 2 hours, the cells
were washed with MEM (GIBCO) to remove unbound
viruses. 100 uL per well of 1 xMEM medium were added and
incubated for 7 days at 37° C. CPE were observed under a
reverse microscope (Nikon). The cells with CPE became
roundedup and detached from plate and eventually died. At
the same time, hemagglutination activity was measured and
50 uLL per well of MEM medium were added 1nto 25 ul of
chicken red blood cell 15 suspension, CRBC suspension 1n
PBS buifer. The data of hemagglutination assay (HA) was
observed to quantity of the viruses by hemagglutination.
Table 3 shows the HA testing in three independent experi-
ments.
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Efficacy of 2-(10-mercaptodecyl )-propanedioic acid
against H5N1 avian influenza virus

2-(10-mercaptodecyl)-
propanedioic acid (ppm)

O 3 10 30 100 300 1,000 3,000
Subtype of H5Nl avian CPE + + + + - - C(CIX C(CTX
influenza virus treated HA + + + + - - C(CIX (CTIX
with 2-(10-
mercaptodecyl)-
propanedioic acid
2-(10-mercaptodecyl) CPE - - - - - - C(CIX C(CTX

propanedioic acid only

+: Viral activity
CTX = cytotoxicity

—: No viral activity

In the above result, the 2-(10-mercaptodecyl)-pro-
panedioic acid with a concentration above 1,000 ppm was
shown to be able to protect cells against H3N1 influenza virus
infection. This demonstrates that the drug can inhibit the
virus. In the control, when 2-(10-mercaptodecyl)-pro-

panedioic acid was =300 ppm, no cytotoxicity was caused.
Cytotoxicity occurred only when the concentration exceeds
1,000 ppm.

The HA testing shows that the 2-(10-mercaptodecyl)-pro-
panedioic acid with a concentration above 1,000 ppm can
protect RBC cells to sustain no agglutination. This demon-
strates that the drug can inhibit the H5N1 virus.

Experiment 5: Suppression of Avian Influenza Virus H5N2
Subtype

MDCK cells were cultured on 96-well plates (INunc).
Tested was the subtype of H3N2 avian influenza virus
(TW1209/04(H5N2)AIV) (Animal Health Research Insti-
tute, Taiwan) with titer of 1x10” EID.,/0.1 mL (defined as 0.1
ml. medium contains 10’ virus and can infect 50% of the
cells) or 64 HAU/25 uL (defined as 25 uLL medium contains 64
hemagglutinins).

2-(10-mercaptodecyl)-propanedioic acid was dissolved 1n
cthanol liquid (ethanol:water=1:10) to have final concentra-
tions of 0, 6, 20, 60, 200, 600, 2,000 and 6,000 ppm. These
solutions were each mixed with an equal volume of virus and
incubated at room temperature (~25° C.) for 30 minutes. In
this experiment, the concentration of viral medium and 2-(10-
mercaptodecyl)-propanedioic acid thus became half that of
the original concentration.

The control 1s 2-(10-mercaptodecyl)-propanedioic acid
mixed with equal 2x growth MEM medium without virus. In
this control, the concentration of growth medium and 2-(10-
mercaptodecyl)-propanedioic acid thus became half that of
the original concentration.

Then, the 100 uL. mixtures were added into MDCK cells
and incubated at 37° C., respectively. Alter 2 hours, the cells
were washed with MEM (GIBCO) to remove unbound
VIruses.

100 uLL per well of 1xMEM were added and incubated for
7 days at 37° C. CPE were observed with a reverse micro-
scope (Nikon). The cells with CPE became rounded up and
detached from the plate and eventually died. At the same time,
hemagglutination activity was measured and 50 uL per well
of MEM medium were added into 25 uLL of chicken red blood
cell suspension, CRBC suspension in PBS bufler. The data of
hemagglutination assay (HA) was observed to quantify of the
viruses by hemagglutination.

Table 4 shows the HA testing 1n three independent experti-
ments.

10

15

20

25

30

35

40

45

50

55

60

65

10
TABL.

(Ll

4

Efficacy of 2-(10-mercaptodecyl )-propanedioic acid
against H5N?2 avian influenza virus

2-(10-mercaptodecyl)-
propanedioic acid (ppm)

O 3 10 30 100 300 1,000 3,000
Subtype of H5N2 avian CPE + + + + - - C(CTX CTX
influenza virus treated HA + + + + - - C(CIX C(CTIX
with 2-(10-
mercaptodecyl)-
propanedioic acid
2-(10-mercaptodecyl CPE - - - - - - C(CIX C(CTX

propanedioic acid only

+: Viral activity
CTX = cytotoxicity

—: No viral activity

In this result, the 2-(10-mercaptodecyl)-propanedioic acid
can protect cells against H5N2 influenza virus infection with
concentration above 1,000 ppm, demonstrating that the drug
can inhibit virus by interacting with virus. In the control,
when 2-(10-mercaptodecyl)-propanedioic acid was =300
ppm, no cytotoxicity was caused. Cytotoxicity occurred only
when concentration exceeds 1,000 ppm.

From the HA testing, 2-(10-mercaptodecyl)-propanedioic
acid with concentration above 1,000 ppm 1s shown to be able
to protect RBC cells to sustain no agglutination. This dem-
onstrates that the drug can inhibit the virus by interacting with
the HSN2 viruses.

Experiment 6: Breaking Down of Influenza Virus H5N2 Sub-
type

For AFM studies, avian influenza virus (AIV) subtype

H5N2 (TW1209/04(HSN2)AIV) sample virions were
attached to the surface of a mica substrate. This was done
through electrostatic interaction by placing the virions in
contact with a freshly cleaved mica that had been coated with
poly-L-lysine hydrobromide, a positively charged com-
pound.

After cleaning the mica with methanol and Milli-Q water,
a drop of 0.01% (wt/vol) poly-L-lysine hydrobromide solu-
tion was applied and incubated for 30 minutes. The mica
surface was then washed with Milli-QQ water before introduc-

tion of the H5N2 specimen. The specimen was applied onto
the poly-L-lysine-treated mica for 5 minutes at room tem-
perature, followed by washing with distilled water (50 ulL, 3
times) and drying 1n air prior to the AFM experiments.

AFM experiments in tapping mode of operation were car-
ried out using a multimode scanning probe microscope
(SPI300 HV, Seiko Instruments Inc., Chiba, Japan) in com-
bination with an optical microscope. AFM tips were 200 um
long and had a typical resonant frequency of 140 kHz
(Nanosensor, Wetzlar-Blankenfeld, Germany). Light tapping,
was used, which involved maintaining a high amplitude ret-
erence relative to the free amplitude of the cantilever. Scan-
ning began typically on a 20 umx20 um area that contained
hundreds of H5N2 virions. Gradually, imaging size was
reduced to 1solate individual virion (300 nmx300 nm ). H5N2
specimen were scanned in both directions several times
betfore capturing an 1mage, in order to ensure that tip artifacts,
such as hysteresis, were not interfering with the imaging.
Over 60 high-quality images were captured for each H5N2
virion, ifrom which a number of 1images were selected. One of
such 1mages 1s as shown 1n FIG. 4A. When a line was drawn
across the 1mage, the topography of the sample as a function
of vertical distance from the mica surface was displayed (FIG.
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4A"). These height traces were collected to provide more
information on how each treatment aflected the surface
topography.

Then, the mica substrate adsorbed with H5N?2 virions was
washed with Milli-Q water before introduction of the mven-
tive compound 2-(10-mercaptodecyl)-propanedioic acid. 10
uL of 100 and 1,000 ppm solutions of the inventive compound
in distilled water were introduced onto the mica substrate,
respectively, followed by incubation for 5-10 minutes prior to
the AFM experiments.

Native H5N2 virions 1n the environment of distilled water
were completely intact and served as a control (FIG. 4A).
When the viruses were exposed to the mventive compound
2-(10-mercaptodecyl)-propanedioic acid, their viral mor-
phology was apparently affected, as 1s shown in FIGS. 4B and
4C—HS5SN2 virions treated respectively with 100 and 1,000
ppm  2-(10-mercaptodecyl)-propanedioic acid displayed
ultrastructures with heterogeneous surfaces. The native
virion (FIG. 4A) was broken down and flattened as 1s readily
observed 1n FIGS. 4B and 4C.

Moreover, the mnventive compound 2-(10-mercaptodecyl)-
propanedioic acid caused a substantial reduction 1n the sur-
face height and irregularity 1n the viral surfaces. The corre-
sponding cursor profiles (FIGS. 4A'-4C) provide quantitative
measurements of the dimensions of the surface nanostruc-
tures. Profiles displayed in FIGS. 4A'-4C' show that the maxi-
mum height of particles as measured were approximately
31.81, 14.36 and 5.55 nm, respectively. Over 60 virus par-
ticles treated with the mventive compound were examined.
Although some variations exist in the exact height of these
treated particles, the surface traces were, however, reproduc-
ible. Calculated RMS height values of particles treated with
100 and 1,000 ppm of the inventive compound were
14.29+£0.87 and 5.62+0.53 nm respectively.

Experiment 7: Breaking Down of Enterovirus Type 71

For AFM studies, Enterovirus type 71 (EV-71) sample
virions were attached to a mice substrate. This was done
through electrostatic interaction by placing the virions in
contact with an freshly cleaved mica that had been coated
with poly-L-lysine hydrobromide, a positively charged com-
pound.

After cleaning the mica with methanol and Milli-QQ water,
a drop of 0.01% (wt/vol) poly-L-lysine hydrobromide solu-
tion was applied and incubated for 30 minutes. The mica
surface was then washed with Milli-Q) water before introduc-
tion of the EV-71 specimen. The specimen was applied onto
the poly-L-lysine-treated mica for 5 minutes at room tem-
perature, followed by washing with distilled water (30 L, 3
times) and drying 1n air prior to the AFM experiments.

AFM experiments 1n tapping mode operation were carried
out using a multimode scanning probe microscope (SPI300
HV, Seiko Instruments Inc., Chiba, Japan) in combination
with an optical microscope. AFM tips were 200 um long and
had a typical resonant frequency of 140 kHz (Nanosensor,
Wetzlar-Blankenfeld, Germany). Light tapping was used,
which involved maintaining a high amplitude reference rela-
tive to the free amplitude of the cantilever. Scanning began
typically over a 20 umx20 um area that contained hundreds of
EV-71 virions. Gradually, imaging si1ze was reduced to 1solate
individual virion (300 nmx300 nm). EV-71 specimen were
scanned 1n both directions several times before capturing an
image 1n order to ensure that tip artifacts, such as hysteresis,
were not iterfering with the imaging. Over 60 high-quality
images were captured for each EV-71 virion, from which a
number ol 1mages were selected. One of such 1mages 1s as
shown 1n FIG. 5A. When a line was drawn across the image,
the topography of the sample as a function of vertical distance

10

15

20

25

30

35

40

45

50

55

60

65

12

from mica surface was displayed, such as 1s shown 1n FIG.
5A'. These height traces were collected to provide more infor-
mation on how each treatment affected the virion surface
topography.

Then, the mica substrate adsorbed with EV-71 virions was
washed with Milli-Q water before introduction of the mnven-
tive compound 2-(10-mercaptodecyl)-propanedioic acid. 10
ul o1 30 and 1,000 ppm solutions of the inventive compound
in distilled water were introduced to the mica substrate,
respectively, followed by incubation for 5-10 minutes prior to
AFM experiments.

EV-71 virions 1n the environment of distilled water were
completely intact and served as a control (FIG. 5A). When
viruses were exposed to the inventive compound 2-(10-mer-
captodecyl)-propanedioic acid, their viral morphology was
apparently atfected, as 1s shown 1n FIGS. 5B and SC—EV-71
virions treated respectively with 30 and 1,000 ppm 2-(10-
mercaptodecyl)-propanedioic acid displayed ultrastructures
with heterogeneous surfaces. The native virion (FIG. 5A) was
broken down and flattened as can be readily observed in
FIGS. 5B and SC.

Moreover, the inventive compound 2-(10-mercaptodecyl)-
propanedioic acid caused a substantial reduction in the sur-
face height and irregularity in the viral surfaces. The corre-
sponding cursor profiles (FIGS. SA'-5C") provide quantitative
measurements of the dimensions of the viral surface nano-
structures. Profiles displayed in FIGS. 5A'-5C' show that the
maximum height of virus particles measured were approxi-
mately 75.23, 10.35 and 8.41 nm, respectively. Over 60 virus
particles treated with the mnventive compound were exam-
ined. Although some variations exist 1in the exact height of
such particles, the surface traces were, however, reproduc-
ible. Calculated RMS height values of particles treated with
30 and 1,000 ppm of the inventive compound were
10.49+0.52 and 8.35+£0.63 nm respectively.

Experiment 8: Proliferation Suppression of Staphyvlococcus
Aureus

Staphviococcus aureus strain (ATCC-25923) was grown
aerobically at 37° C. in LB broth and on the agar plate. S.
aureus-25923 1n the logarithmic phase of growth were har-
vested to a tube with LB broth medium at 37° C. and incu-
bated overnight (about 12~18 hours), then centrifuged under
3,000 rpm for 10 minutes, washed two times with PBS
(pH=7.2) and diluted with the same buifer. Then, the cell
concentration of S. aureus-25923 was quantitated by ultra-
violet-visible spectrophotometry (UV-VIS analysis) to the
optical density of ca. 0.1 at 620 nm, corresponding to 10?
colony-forming units (CFU)/mL and provided for suscepti-
bility testing.

Antibacterial effects of the inventive compound 2-(10-
mercaptodecyl)-propanedioic acid were evaluated by the
determination of minimum inhibitory concentration (MIC)
using the broth dilution method. Tubes containing 500 uL. of
S. aureus 1 LB broth and 2-(10-mercaptodecyl)-pro-
panedioic acid 1n 10% (v/v) ethanol/D.1. water ranging from
5 to 200 ng/mL were reacted with 10* CFU/mL of S. aureus.
Thereatter, 100 uLL of S. aureus were drawn from each of the
tubes, inoculated evenly onto the LB nutrient agar plate and
incubated at 37° C. for 12~18 hours. The number of bacterial
colonies was counted and the percentage of S. aureus sup-

pressed was calculated. To determine the degree of the anti-
bactenial effect 1n the presence of the mventive compound
2-(10-mercaptodecyl)-propanedioic acid, the number of
remaining S. aureus was examined three times.
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Antibacterial effects of 2-(10-mercaptodecyl)-propanedioic acid
against Staphyviococcus aureus

Final concentration of 2-
(10-mercaptodecyl)-propanedioic
acid (ppm)

10 20 50 100 200

MIC of §. qureus + o+ + - — — —

+: Proliferation of 5. qureus,

—: Antibacterial effect of S, qureus

Table 5 shows that proliferation of S. aureus was sup-
pressed by using 20 ppm final concentration 2-(10-mercap-
todecyl)-propanedioic acid.

Accordingly, in the drawings and specification there have
been disclosed typical preferred embodiments of the inven-
tion and although specific terms may have been employed, the
terms are used in a descriptive sense only and not for purposes
of limitation. The invention has been described 1n consider-
able detail with specific reference to these 1llustrated embodi-
ments. It will be apparent, however, that various modifica-
tions and changes can be made within the spirit and scope of
the invention as described in the foregoing specification and
as defined 1n the appended claims.

That which 1s claimed:

1. A composition for breaking down virus and bacteria
comprising:

30~1000 ppm of a 2-(10-mercaptodecyl)-propanedioic
acid according to the formula:
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OH

a carrier.

2. The composition of claim 1, wherein said 2-(10-mercap-
todecyl)-propanedioic acid 1s 1n the form of a salt thereof.

3. The composition of claim 1, wherein said carrier 1s
water, C1-C3 alcohol, tetrahydrofunan, dimethyl sulfoxide or
mixture thereof.

4. The composition of claim 1 wherein said virus 1s HIN1
VIrus.

5. The composition of claim 1 wherein said virus 1s H3N1
VIrus.

6. The composition of claim 1 wherein said virus 1s H5N2
VIrus.

7. The composition of claim 1 wherein said virus 1s
Enterovirus type 71 virus.

8. The composition of claim 1 wherein said bacteria 1s
Staphviococcus.

9. A personal hygiene product comprising said composi-
tion of claim 1.

10. An air cleaning product comprising the composition of
claim 1.

11. A public sanitation product comprising the composi-
tion of claim 1.

12. A fabric material comprising the composition of claim
1.

13. A personal protective product comprising the fabric of
claim 12.

14. The personal protective product of claim 13, wherein
the personal protective product 1s a garment.
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