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INTRODUCTION

Nitroaromatic compounds are used in large quantity
for production of 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
polycyclic aromatic hydrocarbons are also formed
during a variety of combustion processes causing
serious environmental pollution (Rafii, et al., 1991).
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., 1892; Nishino and Spain, 1933)
or leading to accumulation of dead-end products,
many of them are cytotoxic or mutagenic (Bryant C.
and McFlory. 1991; McCoy et al., 1980; Tatsumi et
al., 1982; Narai, N., S. Kitamura, and K. Tasumi.
1984). Aerobic degradation of aromatic
hydrocarbons by a microorganism was first
demonstrated in the early 1800s.. 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
bioremediation of enviroment disaster by oil spill
(Reisfeld et al. 1972; Rosenberg et al. 1979 a, b;
Britton 1984; Shabtai et al. 1985; Yang et al. 1996a,
b ). 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, 1985; Marvin-Sikkema,
1994, Michaels and Gottschalk, 1995; Preuss et al.
1993; Spain, 1995; Stahl and Aust, 1995, Pasti-
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Grigsby et al., 1996). Reduction and release of nitro
groups as nitrite was reported in aerobic microbial
degradation of some nitroaromatics (McCormick et
al. 19786). Our earlier report indicated that aliphatic
hydrocarbon catabolism (Yang et al. 1996a, b), and
aromatic hydrocarbon catabelism in bacilli bacteria
(Yang et al. 1997) can be enhanced by
transformation of bacilli with either plasmid pTV,Ts
or pLTV, . The object of the current study is to
investigate further whether the specific benzene-
catabolizing capability of plasmids pTV,Ts or pLTV,
(Yang et al. 1997) can enhance biodegradation of
nitroaromatics in the transformed bacilli or not. Can
the nitroaromatics-biodegradation capability of the
transformed bacilli be enhanced by induction of
denitrification catabolism with the inducer, sodium
nitrate?

MATERIALS AND METHODS

Bacterial strains and plasmids

A bacterial strain, PY313, containing plasmid,
pTV,Ts (TN917Em' Cm’ Ts™ ) (Youngman et al.
1983, 1988) and a bacterial strain PY1177,
containing plasmid, pLTV, (Tn817Erm'Cm'AmpTc’
LacZ® Ts™*)(Camilli et al. 1990) were obtained from
Dr. Youngman. The host cells for the both plasmids
were 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 from the Bacillus Genetic Stock Center
(BGSC) and a strain of wild type selenite-resistant
bacillus (MR 1) which was isolated from Mississippi
River. The selenite-resistant, MR-1 was classified
into the genus of 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, sel n media and reage
Luria-Bertani broth (LB) containing 0.5% NaCf1,
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 ,g/mi
erythromycin and 12.5 ,,g/ ml chloramphenicol in LB
(as LBEC) or in TBAB (as TBABEC). Selection
media for bacteria resistant to antibiotics
erythromycin and tetracyclin were made by inclusion
of 2 ug/ml erythromycin and 12.5 yg/ml tetracyclin
in LB (as LBET) or in TBAB (as TBABET). Most
frequently used basic medium 2p agar (BM2 agar)
for this study was made by mixing of sterilized
chemical solutions into intensively washed and
autoclaved agar at about 70°C before making agar
plate. The final concentrations of chemicals in
BM2p agar are: 79.8 mM for K;HPO,, 44.1 mM for
KH,PO, 32 mM for NaNO;, 6.8 mM for sodium
citrate, 0.8 mM for MgSO,, 0.1 mM for Ca(NOs).,
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, BM1¢ agar, in
addition to all chemicals and agar in BM3p agar,
151.4 mM of NH.SO, and 2% dextrose were
included. In BM1y dextrose was used as the only
carbon source for metabolism. In special basic
media, BM2y or BM3p, either aliphatic or aromatic
hydrocarbons or their derivatives will be added to
use as the carbon source depending on the nature
of experiment. For testing of 2,46-
trinitrotoluene(TNT)-catabolizing capability, 50%
TNT in dimethylsulfoxide (DMSO) was applied 1 to
8 spots (50,m per spot) on BM2p or on BM3p agar
plate. For testing of nitrobenzene(NB)-catabolizing
capability of bacilli either BM2p agar or BM2p agar
was mixed with 1% NB before pouring into petri dish
for formation of agar plate. Most of the chemicals
were supplied either from Sigma or from Fisher Co..
TNT was purchased from the Chemical Service Co.
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Preparation of plasmids

For isolation of TV, Ts, a single colony of PY313 was
cultured in LBEC containing erythromycin (2 ,g/ml)
and chloramphenicol (12.5 ,g/nil) at 30°C with 250
rpm for 24 hours. After 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 cultured in LBET containing
erythromycin (2 ug/ml) and tetracyclin (12.5 ug/nil)
at 30°C with 250 rpm for 24 hours. After
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 tvpe selenite-hvnerresistant bacilli (MR1)
with pTV,Ts or pLTV,

After 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. After centrifugation at 3000 rpm for 20
minutes, a cell pellet was isolated. One mi of LB was
used to resuspend the cell pellet, another mi was
used to dissolve plasmid , pTV, Ts following removal
of 70% ethanol from the plasmid storage tube. After
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 yl of the mixture was spread-
cultured on BM1gEC agar plate containing
erythromycin (2 ,g/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 ml 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 mi LB broth at 28°C for 16 hours to
stationary phase. After centrifugation at 3000 rpm
for 20 minutes the supernatant was removed. One
mil of the supernatant was used to resuspend the
pellet, another mi of the supernatant was used to
resuspend the plasmid, pLTV,. After 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 8 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 ;,a/ml) and tetracyclin
(12.5 ya/mi) 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 LBET broth for shaking
culture at 29°C for 24 hours. Following the 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. 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.

Assessment of TNT-catabolism by test bacilli
on BM2B or BM3P agar plate at permissive
temperature or non-permissive temperature for
plasmid activity

All test bacilli were cultured for 24 hours in shaker
incubator at 200 rpm and 28°C to late stationary
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 test, the frozen stock of test
bacilli was thawed and resuspended homogenously
to apply 8 LB spots ( 50 ym per spot) on the agar
plate. Following incubation of the agar plate for 24
hours at permissive temperature (28°C) or non-
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permissive temperature (38°C), 50 % TNT in
dimethylsulfoxide (DMSQ) was applied to 8 spots
(50 um per spot) between LB spots on the plate.
Following the application of LB spots and TNT spots
on BM2p or BM3p agar plate, plates were incubated
for another 14 days to examine color formation and
colony formation on the plates .

Assessment of NB-catabolism by test bacteria

For assessment of NB-catabolism by mutant bacilli
on the BM2pNB, or BM3pNBE agar plates , the
frozen stocks of prepared bacilli in LB medium
containing 15% glycerol, was applied 50 | per spot
in 4 to 5 evenly-distributed locations on the agar
plate containing 1% NB. Following 14 days of
incubation at the temperature of 28°C, the territory
of bacterial growth was examine by color
photograph with or without the help of either Giemsa
or Wright staining.

RESULTS

Color formation and Colony formation for
assessment of TNT-catabolism

Current method used in the assessment of TNT-
catabolism is simple and effective because
significant color changes in the LE spot can be
easily recognized for assessment of the TNT-
degradation . In addition, the colony formation in the
LB spot can be used for assessment of cell growth
coupled TNT-catabolism and successful
detoxification of medium environment. Starting from
longer wavelength near to 700nm (red) for the TNT
to shorter wavelength for dinitrotoluene (DNT),
nitrotoluene (NT), and others intermediates of
metabolic products, colorful changes could be
observed and expected from TNT-biodegradation.
At the background of color change is the chemically
synthesized basic media which was almost
colorless and semitransparent, providing best
environment for the color change to be observed.

TNT-catabolism at permissible temperature 28°C

When native bacilli of either B. subtilis 168
prototrophic or MR-1 (B. mycoides) were used for
14 days of incubation at 28°C on BM2p agar plate
with the addition of TNT spots a day later, neither
color formation nor colony formation was observed
on the LB spots in the control experiment (Groups 1




and 6, Tables 1 and 2). Nevertheless, when
pTV,Ts-transformed bacilli (Groups 2 and 7, Table
1) or pLTV,-transformed bacilli (Groups 2 and 7,
Table 2) were applied to the LB spots in the BM2p
plate with the addition of TNT spots , the response
of bacteria to the TNT diffused from the adjacent
TNT-spots wer very significant. A gradually
increased intensity of brown color started to appear
on the LB spots following 2 to 3 days of incubation.
The brown-colored colonies appeared in 1 to 2
weeks of incubation at permissive temperature for
plasmid replication (28°C) (Groups 2 and 7, Tables
1 and 2). In contrast, when the transformed bacilli
were cultured in the BM3pTNT agar plate in the
absence of sodium nitrate for induction of
denitrification catabolism, the formation of brown
color was seen on the LB spots without any visible
colony formation (Groups 3 and 8, Tables 1 and 2).

TNT-catabolism operated by gene-fusion of
plasmid with chromosome at non-permissible
temperature 38°C

When the transformed bagcilli in LBEC (WH-0 or WH-
1) or in LBET(WH-2 or WH-3) medium were applied
to LB spots on BM3p agar plate (in the absence of
sodium nitrate) for incubation at non permissive
temperature at 38°C for a day, mutation were
induced by gene fusion between plasmid and
chromosome. Following such treatment, some
mutants became capable of catabolizing TNT with
colony formation in the absence of sodium nitrate
for denitrification. On such occasion, some mutants
were able to catabolize TNT in BM2p at non-
permissible temperature also (Groups 4 and 9 in
Tables 1 and 2). Some mutants were able to grow
into colonies in BM3BTNT using TNT as the only
nitrogen source (Groups 5 and 10, Tables 1 and 2).

NB-catabolism operated by mutant bacilli
isolated from BM2ATNT or BM3(TNT agar plates.

Transformed bacilli were also incubated for 24 hours
at non-permissive temperature (38°C) for mutagenic
treatment on either BM2p agar plate or BM3p agar
plate followed by addition TNT spots on plates
(Groups 4, 5, 8, 10, Tables 1 and 2) for isolation of
mutants colonies. Some of isolated mutant colonies
had increased growing capability out of LB spots in
either BM2BTNT agar plate or BM3BNB agar plate.
On such occasions, mutant bacilli were capable of
growing on BM3BNB agar plate independently
without the application of LB spots . Four of such
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mutants were isolated from 52 of mutants appeared
on Group 10 Table 2.

DISCUSSION

It is extremely difficult for bacteria to grow in the
toxic environment TNT or other nitroaromatics in the
medium. Enzymatic modification of nitro group in the
aromatic compounds to less toxic chemicals
appeared to be the necessary first step for
temporary survival of bacteria. If degradation of such
nitro groups can be coupled with energy-productive
phosphorylation by electron transfer chain in
denitrification (nitrate_ nitrite_ nitric_ oxide_nitrous
oxide_nitrogen), it will be favorable for bacteria not
only for bacterial survival but also for growth. As it
can be seen from neither color nor colony formation
of both 168 prototrophic {B. subtilis ) and MR-1 (B.
mycoides) on the BM2BTNT agar plate in a
incubator controlled at permissive temperature
(28°C) (Groups 1 and 6, Tables 1 and 2). The
bacterial enzymes of the native bacilli, which had
been induced and activated by the inducer, sodium
nitrate in BM2BTNT agar plate, appeared to have
no capability for biodegradation of TNT. In the
absence of the inducer, sodium nitrate in BM3p
agar plate, to activate denitrification enzymes in the
transformed bacilli , the transformed bacilli can
perform incomplete biodegradation of TNT without
colony formation . There are no coupling of
metabolic reaction between TNT-biodegradation and
cell growth (Group 3, Tables 1 and 2) . When
pTV,Ts -transformed bacilli or pLTV, ~transformed
bacilli were incubated at the permissive
temperature (28°C) in the presence of the inducer,
sodium nitrate in BM2BTNT agar plate, catabolism
of TNT-degradation was well coupled to cell growth
and colony formation of transformed bacilli in LB
spots (Groups 2 and 7 in Tables 1 and 2). Further
treatment of transformed bacili in the non-
permissible temperature at 38°C resulted in
mutation of bacilli for rearrangement of new enzyme
systems capable of catabolizing TNT in the
presence (Groups 4 and 9, Tables 1 and 2) or
absence (Groups 5 and 10, Tables 1 and 2) of
inducer, sodium nitrate.

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 Ps. clone
A with TOL plasmid, pWWO-Km, the hybrid were
capable of mineralizing TNT as the only carbon




source and nitrogen source. In the current study,
enhancement of benzene- and gasoline-catabolizing
capability of bacilli by transformation with either
plasmid pTV,Ts or pLTV1, leaded to the
conversion of transformed bacili capable of
catabolizing TNT in the BM2p agar plate with the
help of inducer, sodium nitrate, to induce
denitrification catabolism.  Further mutagenic
treatment of the transformed bacilli (WH-3) with non-
permissible temperature at 38°C lead to the creation
of mutants (Groups 9 and 10, Tables 1 and 2) . Few
mutants, WH-3M#49 and WH-3M#50 were capable
of growing extensively out of the LB spots on the
BM2BTNT or BM2BNT agar plate. Those mutants
are capable to mineralize TNT or NB as the double
nitrogen source or as the single carbon source.
Those hybrid bacterial strains were also capable of
growing on BM3pTNT or BM3BNB using TNT or NT
as the single nitrogen source and the single carbon
source due to genetic change caused by mutation.
Most nitroaromatics are recalcitrant to bacteria and
reports of their use as carbon sources by
microorganisms were rare (Fernando et al. 1990).
When they were used, biodegradation was never
complete either because part of the products
remained unattacked or because it was converted to
partially reduced forms. The biotreatment of waste
streams containing polynitroaromatics and other
pollutants of this type usually required concerted
action by series of microorganisms to achieve full
degradation (Nay et al, 1974,0smod and
Klausmeier, 1972;Taxler et al., 1974) . Alternatively,
a single organism capable to eliminate
nitroaromatics could be produced by appropriate
recruitment of catabolic functions, as described for
the metabolism of haloaromatics (Lehrbach et al.,
1984, , Ramos et al. 1986; Reinecke and
Knackmuss, 1979).

CONCLUSION

Using color and colony formation in the LB spots for
testing metabolic response of test bacilli to TNT
diffused from the nearby TNT-spots, the TNT-
catabolizing capability of transformed bacilli or
hybrid can be evaluated. A brown color-formation
together with numerous colony formations on the
bacterial-medium spots suggested a significant
coupling of TNT-catabolism with a bacterial growth
on the medium. Transformation of bacilli with
plasmids capable for catabolizing aromatic
hydrocarbon in our experiment appeared to be the
most important first step successful biodegradation
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of nitroaromatics . Induction of denitrification
catabolism by the inducer, sodium nitrate for
switching regular oxidative phorphorylation to
nitrate-directed denitrification appeared to be the
second important procedure for biodegradation of
nitroaromatics. By combination of two necessary
procedures in the current expeniment, successful
TNT- catabolism by the pTV,Ts -transformed bacilli
( WH-0 and WH-1) or by the pLTV, -transformed
bacilli ( WH-2 and WH-3) were achieved at the
permissive temperature for the plasmid activity
(28°C). Further treatment of transformed bacilli at
non-permissive high temperature at 38°C on BM3p,
resulted in the production of mutant capable of
denitrifying TNT or nitrobenzene without nitrate
inducer. Some of mutants were capable of
catabolizing TNT as the only source of nitrogen and
carbon source in the medium.
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Table 1. Growth characteristics of pTV, Ts-transformed bacilli (WH-0 and WH-1) on BM2BTNT or BM3BTNT agar plate after application of bacteria (in 8
LB spots) on Day 1 and TNT (in 4~8 spots) on Day 2 for incubation culture at 28°C or 38°C for 14 days .

Exp.  Test Bacilli* Incub. Medium No. of LB-spot Colony and Colony form. Rate ****

No. Temp. plate  color color per spot per plate (per million of bacteria)

1 168-prot(control)28°C  BM2PTNT 3 No color No colony 0.0 0.0 0.0

2 WH-0** 28°C  BM2PTINT 3 Brown Brown colonies 6.7 4.4 74.5 6.7 2,02/ million

3 WH-0 28°C  BM3PINT 3 Brown No colony 0.0 0.0 0.0

4 WH-0 38°C  BM2BINT k] Brown Brown colonies 3.4 13.2 27.249.5 0.74/ million

5 WH-0 38°C  BM3PINT 3 Brown Brown colonies 4.8 +2.6 384 48.6 1.04 /million

6 MR-I(control) 28°C BM2BTNT 3 No color No colony 0.0 0.0 - 0.0

1 WH-1*** 28°C  BM2PINT 3 Brown Brown colonies 7.1 +4.8 56.8 £5.6 1.86/ million

8 WH-1 28°C  BM3PTINT 3 Brown No colony 0.0 0.0 0.0

9 WH-1 38°C  BM2BTNT k] Brown Brown colonies 5.4 £2.7 350145 1.15 fmillion

10 WH- | 38°C  BMI3BTNT 3 Brown Brown colonies 4.8 2.9 384128 1.26 /million

¢ Test bacteria in LBEC medium containing at the late stage of stationary phase was frozen in the deep freezer after the addition of 15% glycerol. The
frozen stocks were removed from the deep freezer and thawed just before the experiment.

e B.subtilis 168 prototrophic transformed with plasmid pTV, Ts was designated as WH-0

ey MR-1 (B. mycoides ) transformed with plasmid pTV,Ts was designated as WH-1.

LLE L

Colony formation rate per million is calculated from the number of colony formation on test medium per that on the TBAB plate with the dilution
factor of a million. It is based from the dilution experiment that | million dilution of test bacteria WH-0 will form 92 colonies/ml on TBAB plate and
that the test bacteria of WH-1 in | million times dilution will form 76 colonies per ml on the TBAB plate.
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Table 2. Growth characteristics of pLTV -transformed bacilli (WH-2 and WH-3) on BM2BTNT or BM3BTNT agar plate after application of bacterial (in 8
LB spots) on Day | and TNT-DMSO (in 4~8 spots ) on Day 2 for incubation culture at 28°C or 38°C for 14 days.

Exp.  Test Bacilli* Incub. Medium No.of LB-spot Colony and No, of colonies (i +0,.;) Colony form. rate****

No. Temp. (TNT addded plate  color color per spot per plate (per million bacteria)
On Day 2) (per 50 pl) (per 400 pl)

1 168-prot (control)28°C  BM2PTNT 3l No color No colony 0.0 0.0 0.0

2 WH-2** 28°C  BM2PTNT 3 Brown Brown colonies 7.1 $4.8 56.815.6 1.42/ million

3 WH-2 28°C  BM3PTNT 3 Brown No colony 0.0 0.0 0.0

4 WH-2 38°C  BM2PTNT 3 Brown Brown colonies 3.5 3.1 280195 0.70/ million

5 WH-2 38°C  BMIPTNT 3 Brown Brown colonies 4.9 12.4 392472 0.98/ million

6 MR-1 (control) 28°C BM2PTNT 3 No color No colony 0.0 0.0 0.0

7 WH-3%** 28°C  BM2PTNT 3 Brown Brown colonies 8.9 9.9 70.0+7.4 3.18/ million

8 WH-3 ; 28°C BMI3IPTNT 3 Brown No colony 0.0 0.0 0.0

9 WH-3 38°C BM2BTNT 3 Brown Brown colonies 5.4 2.7 350145 1.59/ million

10 WH-3 38°C  BMIPTINT 3 Brown Brown colonies 4.8 £2.9 384+128 1.75/ million

Test bacteria in LBET medium containing al the late stage of stationary phase was frozen in the deep freezer after the addition of 15% glycerol. The
frozen stocks were removed from the deep freezer and thawed just before the experiment.

Lid B.subtilis 168 prototrophic transformed with plasmid pLTV was designated as WH-2.

i MR-1 (B. mycoides ) transformed with plasmid pLTV, was designated as WH-3.

*+*+  Colony formation rate per million is calculated from the number of colony formation on test medium per that on the TBAB plate with the dilution
factor of a million. It is based from the dilution experiment that | million dilution of test bacteria WH-2 will form 100 colonies/m| on TBAB plate and
that the test bacteria of WH-3 in | million times dilution will form 55 colonies per ml on the TBAB plate.
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