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TOL Plasmid from Flavobacterium odoratum
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ABSTRACT: TOL plsmid size of Flavobacterium odoratum SUBS3 was estimated as 83 Md
and the optimum concentration of m-toluate degradation by TOL plasmid was S mM. H,
production by Rhodopseudomonas sphaercides KCTC1425 was largely dependent on nitrogenase
activity and showed the highest at 30 mM malate with 7 mM glutamate as nitrogen source.
Nitrogenase activities were inhibited by 0.3 mM NH,* ions, to be appeared the decrease of
H; production. Conjugation of TOL plasmids from F. odorarum SUBS3 and Pseudomonas putida
mt-2 to R. sphaeroides showed the optimum at the exponential stage of recipient cells in presence
of helper plasmid pRK2013. According to the investigation of catechol-1,2-oxygenase (C-1, 2-
O) and catechol-2,3-oxygenase (C-2,3-O) activities of R. sphaeroides C1 (TOL SUB53) and
C2 (TOL mt-2), the gene for C-2,3-O is located on TOL plasmid and gene for C-1, 2-O
on the chromosome of R. sphaeroides. m-Toluate was biodegraded by TOL plasmid in R
sphaeroides C1 and C2, presumably to be produced H, gas from the.secondary metabolites
of m-toluate.
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Table 1. Bacteral strains used for this experiment
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Strain Relevant characteristics Source
Flavobacterium odoratum SUBS3 TOL* Km’ This laboratory
F. odoratum SUBS53-1 TOL Km' Cured strain from SUBS53
Pseudomonas putida mt-2 ATCC23973 TOL" Km* KCTC
P. cepacia SUB37 TOL' Km' This laboratory

Rhodopseudomonas sphaercides KCTC1425 TOL
R. sphaeroides CI{TOL SUBS53)

R. sphaeroides C2(TOL mt-2)

E. coli L600 helper

Km’ KCTC
This laboratory
This laboratory
plasmid;pRK2013 Center for Biochemistry.
Imperial College.
Univ. of London

Lactobacillus casei SUBI2 plasmid pLC Moon 5 (1989)

*KCTC: Korean Collection for Type Culture. KIST.

SUBS39]- Pseudomonas putida mt-2 ATCC23973%
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Fig, 1. £ffect of m-toluate concentration on the
growth of F. odoratum SUBL3(@) and P.
cepacia SUB37 ().
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Fig. 2. Determination of molecular weight of TOL
plasmic from F. odoratum SUBS3 by relative
mobility on agarose gel electrophoresis. The
reference plasmids were CAM(T160X 10F). Ams
148(95 X 10°), TOL{B2 X 10¢) from F. odorarum
SUBS3 TOL(79.3X10°%) from P. cepacia SUB
37, pWWO78X 10°) from P. putida mt-2 and
PLC35 X 10 from Lactobacillus cusei SUBTZ2.
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Table 2. Effect of nitrogen sources on hydrogen
production and nitrogenase activity by R.
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Table 3. Transfer frequency of TOL plasmid 1o R.
sphacroides KCTC1425 by different growth

sphaeroides KCTC1425, phase
Nitrogen H: production Nitrogenase Growth Early
Sources (nmoles/hr/mg  (nmoles/hr/mg phase Lag Exponential  giationary
(7 mM) dry cells) dry cells) Donor Strain ’
Glutamate 48.41 12.44 F. odoratum 15x10°7 1.3Xx10 78X10 °
NH.CI 2945 5.22 SUBS3
Arginine 17.76 435 P putida 26X10 7 55%10 ¢ 1.9X10 ©
Alanine 24.95 9.57 mt-2

Nitrogenase activity was measured by reductio of
acetylene to ethylene. H, production showed the
highest level at 30 mM malate and 7 mM glutamate
as nitrogen source,

1.5 o

1.0

Added NH;Cl

H. Evolution (umole/mg dry cells)

0.5 J
0 1 2 3 4 5
Time (days)

Fig. 3. Effect of NH.CI (03 mM) on hydrogen
evolution by resting cells of R sphaeroides
KCTC 1425 on Ormerod minimal medium with
30 mM malic actd. The cultures were grown
in Ormerod minimal medium (Ormerod. 196 7)
supplemented with 30 mM malate as carbon
source.
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Table 4. Transfer frequency of TOL plasmid by donor
and recipient ratio

Transconjugant R. sphaeroides C1R. sphaeroides C2

Donor to (TOL SUBS53) (TOL mt-2)
recipient ratio (X109 (X107%
1:1 32 24

5:1 43 2.8

10:1 44 49

10:1 (with helper)* 4.5 5.1

1:5 35 4.6
1:10 35 4.0

*Donors growing exponentially at 2X10%ells/m/
were mixed with recipients and E. coli with helper
plasmid pRK2013 at the same stage and same
concentration of cell number in the ratio of 10 donor:
I recipient:5 E. coli L600. This could be achieved
by mixing 5 m/ of the donor, 0.5 m/ of the recipient.
and 2.5 m/ of E. coli L600 in a 125 m! Erlenmeyer
flask in a 30C waterbath and be gently shaken.

X10°", R. sphaeroides C1(TOL mt-2)3] 3% 49X
10 ‘22 71 52 H9&S JJehlgdciTable 4).
aug Fold el FEALY H&e ZHEE
FEA 2R go] sty Foded o B 4G
& vreh ik

g A3 tra proteing Fw)sto] YL Lol
&7 =eo}FE helper plasmid(Ditta 5. 1980)2
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F S 45X10 ‘o E ArbElA] gdgke S 44
X10 °9  HggrRr}l ot =4 delo R
sphaeroides CI(TOL mt-2)8] 2% helper EA 4%
SAIXT10 2 helper7} 918 99 49X10 °Br} =
Al vhebstch Dittas (1980)e] 28k helper
plasmid & o] &8& wl Hdgo] sl =& A
o8 MyEged £ A3 Azl osiy izt
=A vhebgdel o] 712 helper plasmid & 7}#) 31 )=
E. coli LOOD 7172 YA w9} B EFF Y7}

ol aelzh glel  HFAl FEMES R
sphaeroides®) A7 2591 30T 3o} HgA L

AsNZ E coli L6002) pRK2013 plasmid 7]%o]
el 2 waE)x] 247 gl Aoy Alggo)
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1) TOL plasmide] &)

Aol sl FAAE F odoraium SUB532
TOL plasmid?} 334 A7) R sphaeroides 2 %
w9l 7) 3Heldl?) $18ted transconjugante] TOL
plasmid& Felste] BalcHFig 4). 2 Z3 £
odoratum SUBS53(Lane 5)3} P. putida mt-2(Lane
1)3= TOL plasmid & E-#3k2 glglovt 33 4
Tl R sphacroides(Lane 7)-S plasmid & B-§38)ar
WA sk elEer B FFEE Ay A7) An

transconjugants (Lane 2. Lane 4. Lanc 6)+= TOL
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Fig. 4. Agarose gel electrophoresis of plasmid from
parental strains and exconjugants.
Lane I: P putida mt-2(TOL), Lane 2. R
sphaeroides (TOL mt-2), Lane 3: P. cepacia
SUB37 (TOL), Lane 4: R sphaeroides (TOL
SUB37). Lane 5: F. odoratum SUB53 (TOL),
Lane 6: R. sphaeroides (TOL SUBS53), Lane 7:
R. sphaeroides KCTC1425 (TOL ).

plasmid7} #<l=lgl o n) m-toluate7} 43 g9
22 B9l Ormerod #HA4 wiAldl®= 2 Q3
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2.3-oxygenase(C-2, 3-0)2} catechol -1.2-oxygenase
(C-1. 2-0)9] &4-& ZH3}ed nlarsle] Mgir)

Table SellAl HojFz wpe} 3lo] ofe] #3559
F oA BA gX8 AHEW F oodoratum SUBS3
(TOL) #7-2] C-2. 3-O &4-2 10.26 umole/min/mg
protein® & TOL Zegl~v|=rt ¢le 435 F
odoratum  SUBS3-I(TOL ) 004 umole/min/mg
protein Ex} A% #-& specific activity® H.gith
TOL #2~m =g AuykS transconjugante] R
sphaeroides C{TOL SUBS33) olvt R sphacroides C2
(TOL mt-2)= Z+7F 10983} 13.8] wpmole/min/mg
protein® 2  TEAES R sphacroides2] 0.1
umole/min/mg protein 2.t} & 23] ¥& (-2, 3-02]
AL ehvbl i glgleh 28R pE4Esl R
sphaeroides KCTC 1425% thA:7ke] aromatic &3}
25 &8s ¢ glovt (William3 Evans. 1973:
Whittles. 1976) TOL E2pav]rrt ebso @4
% #@AeA aromatic FHIES FHEd ¢ AA
g7ie g AYzhde},
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Table 5. Specific  activities of  catechol-1.2-oxygenase  and catechol-2,3-oxygenase  of donors and
transconjugatns
Catechol-1.2- Catechol-2,3-
Strains oxygenase oxygenase
(umole/min/mg protein) {(umole/min/mg protein)
F. odoratum SUBS33(TOL) 0.50 10.26
F. odoratum SUBS3-1(TOL") 0.63 0.04
P. putida mt-2(TOL) 1.46 12.70
R. sphaeroides KCTC1425 0.59 0.11
R. sphaeroides CI{TOL SUBS53) 0.62 10.98
R. sphaeroides C2(TOL mt-2) 1.95 13.81

Table 6. Utilization of various substrates by R. sphaeroides KCTC]

plasmid

425 and wansconjugant with TOL

Substrate (30 mM)

R. sphaeroides

R sphaeroides C1(TOL SUB53)

Growth H, production
(660 nm)(nmoles/hr/mg dry cells)

Growth H, production

(660 nm)(nmoles/hr/mg dry cells)

Carbohydrate

Fructose 0.50
Sucrose 1.04
Maltose 0.70
Amino acid

Glutamate 2.80
Arginine 0.26
Organic compound

Malic acid 2.52
Succinic acid 241
Sodium citrate 1.12
Sodium oxalate 0.65
Pyruvic acid 0.80

Propionic acid -
m-toluate acid -
(5 mM)

30.46
5191
5111

o

28

!

26.23

0.48
0.89
0.74

2.69
236
1.98
175
2.60

2.85

18.49
38.45
19.36

0.36

19.96
0.52
8.27

47.51

6.39

Photoproduction of H: with each substrate by resting cells of R sphaeroides

C1 (TOL SUBS3): The cells were grown in Ormerod minimal medium containing 30 mM malate.
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