CONSTRUCTION AND INDUCTION OF HYBRIDBACILLI FOR CATABOLIZING
BOTH NITROAROMATIC AND POLYAROMATIC HYDROCARBONS

Wen-Hsun Yang and Jen-Rong Yang
Biology Department, School of Science and Technology, Jackson State University, Jackson, MS 39217

INTRODUCTION

Aromatic hydrocarbons particularly insoluble
polyaromatic hydrocarbons (PAHs) have been
accumulated in nature mainly as a part of

petroleum as the results of metabolic activities of
living organisms on this planet. Serious
contamination of environment with those
compounds has been resulted from the explosive
use of petroleum by human activity. The extensive
application of those PAHSs in industry for wood
preservation and road construction seriously
contaminated the environment . Rosenfeld and
Plumb (1991) reported that PAHs were present in
over 20% of soil components in the wood treating
site tested. PAHs contamination of soils and
ground water are of particular concern because
many of those compounds are known as
carcinogens. Most of nitroaromatic compounds are
artificially produced in large quantity by industry for
plastics, explosives, pharmaceuticals, and
pesticides (Bryant and Deluca, 1991; Hallas and
Alexander, 1983; Kedderis et al., 1988; Nishino
and Spain, 1993). As a result, large amount of
nitrobenzene is contaminating the environment at
a rate of tens of millions of pounds annually (U.S.
Environmental Protection Agency, 1978). In
addition, nitrated polycyclicaromatic hydrocarbons
are also formed during a variety of combustion
processes causing serious environmentalpollution
(Rafii, et al., 1991). Aerobic degradation of
aromatic hydrocarbons by a microorganism was
first demonstrated in the early 1900s. Since then,
various strains of bacteria and fungi capable of
catabolizing aromatic hydrocarbons were isolated
(Gibson et al. 1984). Biodegradation of aliphatic
hydrocarbons (gasoline and diesel oil ) by bacteria
were also developed contributing greatly in
bioremediationof enviromentof disaster by oil spill
(Reisfeld et al. 1972; Rosenberg etal. 1979 a, b;
Britton 1984; Shabtai and Gutnick, 1985; Yang et
al. 1896a,b). The application of  gene-
recombination to obtain hybrid bacteria for
aromatic hydrocarbon catabolism was first
demonstrated in Pseudomonas {Duque et al.
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1993). Our earlier report indicated that both
petroleum hydrocarbons (Yang et al. 1996a, b),
and benzene (Yang et al. 1997) can be
catabolized by hybrid of B. mycoides following
transformation and gene-fusion of bacilliwith either
pTV;Ts or pLTV,.

The object of the current study is to investigate
whether biodegradation of both nitroaromatic and
polyaromatic hydrocarbons can be achieved in
bacilli following gene-recombinationwith plasmids
either by transformation or gene-fusion. Another
object of current study is to examine which
catabolic pathways are more favaorable for
biodegradationof nitroaromatics or polyaromatics.

MATERIALS AND METHODS

Bacterial strains and plasmids

A bacterial strain, PY313, containing plasmid,
pTV,Ts (TnS17Erm’ Cm’ Ts™" ; 12.4 Kbp in DNA
size) (Youngmanet al. 1983, 1989) and a bacterial
strain  PY1177, containing plasmid, pLTV,
{TR917Erm'Cm'AmpTc' LacZ*® Ts™ 20.6 Kbp in
DNA size)(Camilli et al. 1990) were obtained from
Dr. Youngman. The host cells for the both
plasmidswere originated from BD170 (trpC2 thr5),
one of B. subtilis 168 derivatives (Dubnau et al.
1969). The recipients of the plasmid in the current
transformation experiment were B. subtilis 168
prototrophic{1A2) from the Bacillus Genetic Stock
Center (BGSC) and a strain of wild type selenite-
resistant bacillus {MR1) which was isolated from
Mississippi River. The selenite-resistant bacillus,
MR-1was classified as Bacillus mycoides (Yang
et al. 1994) according to the difference in carbon
source utilization by microplate incubation method
of Biolog Inc. (Miller et al. 1991; Klinger et al.
1992).

Culture media, selection media and reagents

Luria-Bertani broth (LB) containing 0.5% NaC1,
0.8% tryptone, 0.3% yeast extract was used for



regular liquid culture. Tryptose Blood Agar Base
(TBAB) medium containing 0.5% NaC1, 1.0%
tryptose, 0.3% beef extract and 1.5% agar was
used for regular agar plate culture. Selection
media for bacteria resistant to antibiotics
erythromycin and chloramphenicol were made by
inclusion of 2 ;,a/m erythromycinand 12.5 ;,g/ ml
chloramphenicol in LB (as LBEC) or in TBAB (as
TBABEC). Chemically defined basic media for
aerobic metabolism using either glucose (BM1¢)
or hydrocarbons (and BM1p) for the only carbon
or energy sources in aerobic catabolism was
previous investigation (Yang et al. 1997) and
listed in Table 1. Chemically definded basic media
for deniftrifying metabolism were designed for
using nitrate as the nitrogen source, and
hydrocarbon as carbon source in BM2g agar. In
the BM3p agar, the nitrated hydrocarbon for
testing is both the nitrogen and carbon source in
that medium. The compositions of each basic
media were listed in the Table 1. The agar used
for making Basic Media was measured to the
amount for forming 2.0% weight/volume
concentration in the media. Following repeated
washing with tap water for 6 times in 3 days,
washing with distilled water were continued for 4
times.  Afler sterilization in autoclave to the
pressure of 20 Ibs per square inch for 40 minutes
of 2.5 % agar, all other mineral compositions
glusose, citric acid and hydrocarbons were filtered
through sterile filter apparatus into separate
bottles. Afler he sterilized agar cooled down to
the temperature below 70° C , other filter-sterilized
components of mediumwill be added separately to
prevent the formation of precipitate. The final
concentrations of chemicals in BM2p agar are:
79.8 mM for K-HPO., 44.1 mM for KH,PO, 32
mM for NaNQ,, 6.8mM for sodium citrate. 0.8 mM
for MgSQ,, 0.1 mM for Ca(NO.); 0.1 mM for
MnCl,, 0.001 mM in FeSO, 0.32 mM for
Na;MoO, and 2% for agar. BM3p agar was
prepared from all chemicals listed for preparation
of BM2p agar except NaNO; and Na;MoO,. For
preparation of regular basic medium, BM1y agar,
in addition to all chemicals and agar in BM3g agar,
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151.4 mM of NH,SO, and 2% dextrose were
included. InBM1 dextrose was used as the only
carbon source for metabolism. In special basic
media, BM2p or BM3p, either aliphatic or aromatic
hydrocarbons or their derivatives were added to be
used as the carbon source depending on the
nature of experiment (Table 1). Selection media
for bacteria resistant to antibiotics, erythromycin
and tetracyclin were made by inclusion of 2;,g/m
erythromycin and 12.5 ,g/m tetracyclin in LB (as
LBET) orin TBAB (as TBABET).

Preparation of plasmids

For isolation of TV,Ts, a single colony of PY313
was cultured in LBEC containing erythromycin (2
ug/ml; and chloramphenicol (12.5 yg/ml) at 30°C
with 250 rpm for 24 hours. Afler centrifugation at
3000 rpm for 20 minutes, bacterial pellet was
obtained for preparation of plasmid according to a
modified method using alkaline lysis of host
bacteria (Lee et al. 1990). The purified plasmid
DNA was precipitated and kept in 70% ethanol
until the time of further experiment. For isolation of
plasmid, pLTV,, a single colony of PY1177 was
culturedin LBET containing erythromycin (2 ;,g/mi)
and tetracyclin (12.5 yg/ml) at 30°C with 250 rpom
for 24 hours. Afler centrifugation at 3000 rpm for
20 minutes, bacterial pellet was obtained for
preparation of plasmid, pLTV, according to a
modified method using alkaline lysis of host
bacteria (Lee et al. 1990). The purified plasmid
pLTV, was precipitated and kept in 70% ethanol
until the time of further experiment.

Transformation of B. subtilis prototrophic or
wild type selenite-hvnerresistant bacilli (MR1)
with pTV;Ts or pLTV,

Afler overnight culture of a single colony of 168
prototrophic or MR1 in 12 ml LB at 30° C for 16
hours, a stationary phase of bacterial growth was
obtained. Afler centrifugation at 3000 rpm for 20
minutes, a cell pelletwas isolated. One mi of LB
was used to resuspend the cell pellet, another m!
was used to dissolve plasmid , pTV, Ts following



removal of 70% ethanol from the plasmid storage
tube. Afler mixing cell suspension with the
plasmid, pTV;Ts suspension, the mixture was
electroporated with 400 DCV for 100 msec.

Shaking culture of the electroporated mixture was
continued for another 6 to 12 hours in a smaller
tube (13 x 100 mm) . Thereafter, 200 I of the
mixture was spread-cultured on BM1,EC agar
plate containing erythromycin (2 pg/ml; and
chloramphenicol (12.5 pg/ml’ for formation of
colonies on the agar plate at 28" C (Yang et al.
1996). For preparation of transformed bacilli for
test, a single colony was isolated into 42.5 ml of
LBEC broth for shaking culture at 29°C for 24
hours. Following the addition of 7.5 mt glycerol,
the cell preparation in LBEC containing 15%
glycerol was divided into tubes, 5 ml per tube for
storage at -80°C until next experiment.  For
transformation of bacilli with plasmid pLTV,, a
colony of 168 prototrophic or MR1 was cultured in
12 ml LB broth at 29°C for 16 hours to stationary
phase. After centrifugation at 3000 rpm for 20
minutes the supernatantwas removed. One mi of
the supernatantwas used to resuspend the pellet,
another mi of the supernatant was used to
resuspend the plasmid, pLTV,. Afler mixing cell
suspension with the plasmid (pLTV;) suspension,
the mixture was electroporated with 400 DCV for
100 msec. Shaking culture of the treated mixture
was continued for another 6 hours in a smaller
tube (13 x 100 mm) . Thereafter, 200 , of the
mixture was spread-cultured on BM1gETagar
plate (Table 1) containing erythromycin (2 ,g/ml)
and tetracyclin (12.5 pg/ml) for formation of
colonies on the agar plate at 28° C (Yang et al.
1996). For preparation of transformed bacilli for
test, a single colony was isolated into42.5 mt of
LBET broth for shaking culture at 29°C for 24
hours. Following the addition of 7.5 ml glycerol,
the cell preparation in LBET containing 15%
glycerol was divided into tubes 5 ml per tube for
storage at -80°C until next experiment. A
derivative of B. subtilis 168 prototrophic
transformed by pTV; Ts was designated as WH-0,
and another strain of wild type bacillus MR-1 (B.
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mycoides) transformed by the same plasmid,
pTV, Ts was designated as WH-1 respectively.

Similarly, a strain of B. subtilis 168 prototrophic
transformed by pLTV, was designated as WH-2,
and another strain of wild type bacillus MR-1 (B.
mycoides) transformed by the same plasmid,
pTV; Ts was designated as WH-3 respectively.

Testing of hydrocarbon catabolism or
biodegradation by the application of test
bacterial spots followed by application of
hydrocarbon spots 24 hours later on
chemically definded media

All test bacilliwere cultured for 24 hours in shaker
incubator at 200 rpm and 28°C to late staionary
phase in LBEC or LBET containing antibiotics.
Following the addition of 15% glycerol, the test
bacilli were frozen in a deep freezer at -80°C until
the time of use.

For the most common test, generally used
template for 50 locations of bacterial inoculation
positions were attached to the test agar plate. A
test bacteria from the thawed frozen stock was
applied to evenly located 9 LB spots ( 50yl per
spot) respectively at the graphic positions
designated as open circles in Figure 1 for
incubation at designated temperature for 24 hours
in various different basic media. Hydrocarbon
dissolved or suspended as 50% concentration in
dimethy!| sulfoxide (DMSO) was applied 24 hours
later to 4 spots (50, per spot) at the graphic
locations designated as closed circles in Figure 1
on the test agar plates. After sealing of the space
between the top and the bottom plate of the petri
dish with silicone caulk, incubation of the agar
plates was continued for 12 weeks with the
observation and recording of the images on LB
spots at the interval of lor 2 weeks. General
effect of bacterial spots to the hydrocarbons
diffused to come from chemical spots from various
directions and locations can be evaluated by this
test method. The response of the growing
bacterial lawn to the approaching hydrocarbon by
diffusion could be recognized primary by color
change caused by biodegradation of TNT
molecule or by benzene with nitrate in the media
during incubation.  Secondary effect of the



aromatic hydrocarbon catabolism to bacteria could
be observed as the formation of bacterial colonies
with color changes on the colonies at various
metabolic conditions during 12 weeks of
incubation. In some occasions, test bacteria were
applied spirally at various distances from the
center of the plate. Followinga day of culture, test
hydrocarbon was applied as the only spot to the
center of the plate (Figure 2), so that the spatial
effect of applied hydrocarbonto the bacterial spots
could be better studied.

RESULTS

It has been demonstrated in separate experiment
in pretests that bacterial colonies capable of
catabolizing toxic TNT can be only cloned by
sequential applications of bacterial spots and
chemical spots with 24 hours or longer delay. In
additionm, some adequate spatial distance
between bacterial spots and chemical spots. The
very toxic effect of the TNT to the bacilli can be
modified by such procedures to induce the
necessary bacterial enzymes to catabolize that
toxic molecule. Based on this sequential
application methods, the following experiments
were performed to examine the necessary gene
backgrounds of bacili and the necessary
catabolic conditions for catabolizing nitroaromatic
and polyaromatic hydrocarbons.

Native bacilliof either B. subtilis (168 prototrophic)
or B. mycoides (MR-1) were incapable of
catabolizing aromatic hydrocarbon (Benzene) in
the chemically definded medium, BM13 which
was designed for aerobic metabolism (Group 1,
Tables 2, 3,4, and 5). Both bacilliwere incapable
of catabolizing aromatic hydrocarbon in the
medium, BM2B which was designed for
denitrification metabolism (Group 2, Tables 2,3, 4,
and 5) also. Neither colony formation nor color
formation were observed following incubation of
such native bacilliduring 12 weeks of incubation at
28°C. After transformation of those bacilli with
either pTV,Ts or pLTV,, transformed bacilli were
not capable of catabolizing benzene as the only
carbon source in the aerobic metabolism using
BMIp as the medium (Group 4, Tables, 1, 2, 3,
and 4). Elevation of incubation temperature to
38°C for transformed bacilliin B. mycoides (MR-1)

to have gene-fusionwith either plasmid pTV,Ts or
pLTV,, however resulted in the formation of some
hybrids capable of catabolizing benzene in BMIp
with the colony formation rates of 0.94 per million
(Group 12, Table 3) and 0.85 per billion (Group
12, Table 5) respectively. Gene fusion of B.
subtilis with either plasmid pTV,Ts or pLTV,, by
elevation of temperature to 38°C did not results in
the formation of hybrid bacilli capable of
catabolizing benzene in BMIp (Group 12, Table 2,
Table 4). Nevertheless, gene-fused hybrids of B.
mycoides were capable of catabolizing benzene
in denitrification medium, BM23 more effectively
with higher colony formation rates (CFR of
1.39/billion for Group13, Table 5; 1.54/billion for
Group 13, Table 5) than similar hybrids can do in
the aerobic catabolism in BMIp (CFR 0.94/billior
for Group 12, Table 2; 0.85/billiar for Group 12,
Table 4). Inaddition, the plasmid-fused hybrids of
B. subtilis were also capable of catabolizing
benzene in BM2p at the incubationtemperature of
38°C with the comparable colony formation rates
(1.94/million for Group13, Table 2; 2.56/million for
Group 13, Table 4). Denitrification catabolismwas
not only preferable for plasmid-fused hybrids, but
also suitable for the plasmid-transformed bacilli to
catabolize benzene (Group 6 in Tables 2, 3, 4, and
5) and to catabolize toluene also (Group 7 in
Tables 2, 3,4, and 5). Denitrification catabolism
was also very effectivefor catabolizing insoluble
PAH such as benzopyrene even at incubation
temperature of 28°C which was very close to the
regular environment temperature.  The colony
formed at the initial stage of bacterial growth were
all white in color suggesting a complete
biodegradation of the hydrocarbons without
formation of colorful nitro compounds inside the
colony. Nevertheless, with the incubation period
prolonged to 12 weeks, gradual accumulation
colorful  metabolites increased. There is a
formation of deep brown color for colonies formed
by catabolism of benzene or toluene in the BM28
but notin BM18. There is the formation of yellow
brown color for colonies formed by catabolism of
benzopyrene in BM28.

A spectacular changes in the color of bacterial
spots and bacterial colonies, however, were
observed during the experiment for catabolizing
TNT by the transformed bacilli (Group 5, Tables



2, 3,4, and 5) or plasmid-fused bacilli (Group 10,
Tables 2, 3, 4 , and 5) in the denitrification
medium, BM2B or BM3p. In those media for
denitrification of TNT, brown color spots were

formed initially by the lawn of growing bacteria on
the LB spots for biodegradation of TNT diffusing
from the neighboring chemical spots. Color
change on the LB spots was followed by colony
formation with characteristic color formation also,
Colorless, white colonies were gradually formed
on the background of brown color initially formed
by a lawn of bacteria growing for biodegradation of
TNT on the LB spots at the early stage of
incubation. After 8 weeks of incubation, the
retardation in the growth of bacterial colonies
resulted in the change to red brown. The color
change and colony formation accompanied with
growth of transformed bacilli in BM28 ( Group 9,
Table 2, 3, 4, and 5) or in BM3p (Group 11, Table
2, 3,4, and 5) could be effectively blocked by the
addition of equivalent amount of nitrite to nitrate in
the denitrification media, BM23 or BM3B. The
addition of equivalent amount of nitrite to nitrate
on BM2§ also effectively inhibit the color change
and the colony formation induced by the
catabolism of TNT at higher temperature at 38°C
in BM2§3 medium alone (Group 16, Table 2, 3, 4,
and 5).

DISCUSSION

Although hybrids of B. mycoides were capable of
catabolizing hydrocarbons in such aerobic
environment using BM18 as medium for
incubation, colony formation rates were lower and
bacterial growths were poorer in such medium.

The difficulty of oxygen in air to diffuse through
benzene-containing medium in  BM1p for
catabolizing benzene or other aromatic or aliphatic
hydrocarbons may be the disadvantage of using
the aerobic mechanism for biodegradation of
benzene. By contrast, the easiness to obtain
large amount of soluble oxygen released from the
nitrate compound in the medium (BM28}) to apply
for benzene calibration in denitrification catabolism
may be the advantage for taking such mechanism
in aromatic hydrocarbon catabolism. The
qualified  bacilli for such catabolism should

possessed both gene capability of reducing nitrate
(by reductase in denitrification enzymes ) and
another gene capability of catabolizing benzene
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molecule (by oxidase including dioxygenase for
formation of catechol to split the ring structure).
Apparently, plasmid pTV,Ts or pLTV, contains
the necessary genes for both enzymes near to
transposon fragment of the plasmid.
Transformation of bacilli with either plasmid will
enable the transformed bacilli to perform such
catabolism in BM2p.

Such enzyme capabilities for denitrification are
particularly important for TNT-catabolism. None
of hybrid bacilliwere capable of catabolizing TNT
in the aerobic condition using BMIp (Group 3,
Tables 2, 3, 4, and 5). In fact, reduction and
release of some nitro groups from the TNT
molecule are frequently monitored in the
biodegradationof TNT by bacteria(McCormick et
al. 1976). The release of nitro group from the TNT
appeared to be absolutely necessary precondition
before the modified molecule will be reactive to the
second enzyme for catabolism of aromatic ring
structure by dioxygenase for oxidizing to catechol
and further splitting of the catechol into aliphatic
hydrocarbonsto be catabolized in citric acid cycle.
Earlier study by Duque et al (1993) demonstrated
that Pseudomonas sp. clone A can grow on
medium using TNT as nitrogen source and
fructose as carbon sourcce. By transformation of
the Pseudomonas clone A with TOL plasmid.
pPWWO-Km, the hybrid were capable of
mineralizing TNT as the only carbon source and
nitrogen source.

Degradatiopn of two- or three-ring aromatic
compounds has been shown to be a popular
phenomena among aerobic bacteria. As in the
case with aerobic degradation of monocycic
aromatic compounds, the primary basic reactionis
the enzymatic effect of dioxygenase form catechol
in one of the aromatic ring. Further oxidation of
the catechol will result in the fission of the ring
structure and the metabolic intermediates will be
feed into the Krebs cycle (Gibson and
Subramanian, 1984). Biodegradation of PAHs
under strictly anaerobic conditions has not been
reported. Mihelicic and Luthy (1988)
demonstrated that degradation of naphthalene
could occur under denitrifying conditions, although
no degradation of naphthalene or anthracene was
found under strictly anaerobic (sulfate-reducing or
methanogenic) conditions. In contrast, naphthol



was degraded under both denitrifying and strictly
anaerobic conditions. Benzopyrene degradation
by soil bacteria (Litchfield et al, 1992, Miller et al.,
1988, Werner et al, 1991) and by Estruarine
microorganisms  (Shiaris, 1989 )were also
reported.  Study on the biotransformation of
nitrated aromatics such as 2,4 6-trinitrotoluene
(TNT) and nitrobenzene by bacteria demonstrated
either aerobic or anaerobic metabolic pathway
for degradation (Crawford, 1995; Marvin-Sikkema
tal,, 1994; Michaels and Gottschalk, 1995; Preuss
and Rieger, 1993; Spain, 1995; Stahl and Aust,
19895, Pasti-Grigsby et al., 1996). Reduction and
release of nitro groups as nitrite was reported in
aerobic  microbial degradation of some
nitroaromatics (McCormick et al. 1976). Reduction
of the nitrogroup is a common first step in the
biotransformation of nitroaromatic compounds,
either leading to mineralization of the compounds
(Groenwegen et al., 1992; Nishino and Spain,
1993) or leading to accumulation of dead-end
products. Many of them are cytotoxic or
mutagenic (Bryant C. and McFlory. 1991; McCoy
et al, 1990; Narai, N., S. Kitamura, and K.
Tasumi. 1984).

In the current experiment, TNT has been shown to
be colorful biological marker for monitoring both
dinitrification effect and catabolizing effect of
microorganism to the compounds. By
demonstrating brown color over the growing
bacterial lawn over LB spots , bacteria are
responding to the diffused TNT with enzyme for
reduction or removal of nitro group for modification
of TNT molecule. By demonstrating white colony
formation on the background of brown, bacteria
are catabolizing effectively for mineralization of
TNT.  Effectiveness of catabolism can be
evaluated by how many colonies will be formed by
unit number of bacteria to response, and to what
degree the brown color of degrading TNT to be
degraded to colorless or light yellow on the LB
spots.

CONCLUSION

Hybrid bacilli capable of catabolizing both
nitroaromatic and polyaromatic hydrocarbons have
been successfully constructed by transformation of
either B. subtilis or B. mycoides with either
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plasmid. pTV,Ts or plasmid, pLTV,. Following
such gene-recombination, hydrocarbon-
catabolizing mechanism in the hybrid bacilli could
be induced efficiently by sequential application of
bacterial spots to BM2p agar plate first for
starvation in denitrification environmet followed by
application of hydrocarbons spots 24 hours later
for induction, Without transformation, both strain
of bacilli were incapable of catabolizing TNT in the
chemically defined media either with denitrification
(BM2B) or with aerobic catabolism (BM1p). Both
native strains of bacilli were also incapable of
catabolizing aromatic hydrocarbon such as
benzene in the aerobic catabolism. Transformation
alone was not enough to construct bacilli capable
of catabolizing benzene in the aerobic catabolism
(BM1B) . With the additional gene fusion, hybrid
bacilli capable of catabolizing benzene in BM1p
for aerobic catabolism were obtained in B.
mycoides but not in the B. subtilis, Nevertheless,
transformation of either bacilli with either plasmid
were enough to construct bacilli capable of
catabolizing TNT as well as benzene, toluene, and
benzopyrene, in BM2B with denitrification
catabolism. Gene-fusion of either bacilli with either
plasmid were similarly effective to catabolize
hydrocarbons, polycyclic hydrocarbons, and TNT
as well as benzene in BM2p also. It appears that
either plasmid pTV,Ts or plasmid, pLTV,. contains
genes for denitrification and aromatic hydrocarbon
catabolism near to the transposon sites which
acted in favor of both hydrocarbon catablism and
dentrification.
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Table 1. Chemically definded media to be included in agar plates for testing of hydrocarbon catabolism in bacilli.

Chem. Compositions | BM1a medium BMI{ medium
: 79.8 mM 79.8 mM
| NaH,PO, 44.1 mM 44.1 mM
Sodium citrate 6.8 mM 6.8 mM
 MpSO6H,0 08 mM 0.8 mM
151 mM 15.1 mM

0.1 mM 0.1 mM
0.001_ mM 0,001 mM
0.1 mM 0.1 mM
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