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! 430071
2 510070

3 510070
Ten3 3 000 mg/LL
1000 mg/LL 48 h Ten3 pH 8.0 K*
16S rDNA
Ten3 16S rDNA Paracoccus versutus  ATCC
25364 99.7% a Rhodobacter
16S rDNA
X172 A 0001-6209 2002 05-0526-08
20 mg/L
1~3
*16S rDNA
: 16S rDNA
Ten3
1
1.1
1974 -
2001-12-05 2002-01-25
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1.2
K,HPO, 1.6 ¢ KH,PO, 0.4 ¢ MgSO, 0.06 g FeSO,
3 mg CaCl, 1 mg CuSO, 0.05 mg ZnSO, 0.05mg HBO; 0.03 mg lg 1 L pH7.0
NH,CI 1.0 g
1.3
30°C
1.4
600 nm
1.5
274 nm o
HPLC C18 271 nm o =28:72
1.0 ml/min 5.3 min
1.6 pH
Na, HPO,—KH, PO, 1/15mol/L pH
5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
1.7 DNA
SDS- K CTAB
DNA ’
1.8 PCR
16S rDNA F27 5-AGAGTTTGATCCTGGCTCAG-3’ R1522 5'-
AAGGAGGTGATCCAGCCGCA-3" °*
1.9 PCR
PCR 100pL 73.5pL 10 x PCR buffer 10l 2.0mmol/L. dNTP
8ul F27 2pl R1522 2ul. 1 U/Taq  2.5pL DNA 50 2uL
35 94°C 20s 52°C 30s 72°C 3min 35 10min
1.0% EB
1.10 16S rDNA
PCR BLAST GenBank
16S rDNA
2
2.1
48 h
1
24 h 50%
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Ten3 Ten3
1
Table 1 The growth of Ten3 and the biodegradation of theophyline
24 h 48 h
Type of S Relative concen. Degradation Relative concen.  Degradation
: 0D 0D,
medium Strain 00 of theophyline/ rate/ % 0 of theophyline/ rate/ %
mg/L mg/L
C.’r‘}’lup tlh o 014 496 50.4 0.2009 2% 97.6
Theophyline as the rieh gather
carbon and nitro- Tenl 0.1717 884 11.6 0.2492 520 48
gen source
Ten2 0.0667 1000 0 0.1085 944 5.6
Ten3 0.1861 776 22.4 0.3333 0 100
Group 2 of - o0 558 4.2 0.1419 160 84.0
rich gather
theophyline as the Tel 0.1849 356 64.4 0.2192 146 85.4
sole carbon source
Tc2 0.2535 572 42.8 0.3698 106 89.4
2.2 Ten3
2.2.1 pH Ten3 pH 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
30°C 150 r/min 30 h 1
Ten3 pH 8.0 pH Ten3
Ten3 pH pH 6.0
11.0 Ten3 pH
2.2.2 K" Ten3 pH  Ten3
K* pH
KCl K*  Ten3
pH
0.2% KCl 30°C 150 r/min o5 o 2
0351 040
0.30 035
025 0.30
2 020 Q§ 0.25
S S 020
SR
0.15
0.10
0.10
0.054 0.05
0.00 : ' ' : ' : . 0.00 :
50 6.0 7.0 8.0 9.0 10.0 11.0  12.0 ) 9 18 27 36 45 54
pH t/h
1 pH 2 K' Ten3
Fig.1 Effect of pH on theophyline degradation Fig.2 Effect of K* on the growth of Ten3

—— vith K*  —l without K* .
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K* Ten3 K* Ten3
Na* Ten3 K* Na*
2.2.3 Ten3 10%
Ten3 30°C 150 r/min
34 500 mg/L 3000 mg/L.  Ten3
4 000mg/L
Ten3
3 000 mg/L
147
L 120 1
100 L
10 | °
208 | E 80 1
8 06 | éé‘f 60 |
04 ] 40
02 r 20
0.0 ; 0 !
3 Ten3 4 Ten3

Fig.3  Effect of different concentration of theophlline Fig.4  Effect of different concentration of theophlline
on the growth of strain Ten3
—€—- 500 mg/L. —l- 1000 mg/l. —&— 2 000mg/L

—5— 3 000 mg/L. —k— 4 000 mg/L.

on the growth of strain Ten3
—— 500 mg/L. —l- 1 000 mg/l. —&— 2 000mg/L
—5- 3000 mg/l. —%— 4 000 mg/L.

2.2.4 Ten3 0.35

0.30

30°C 150 r/min  ¢»s

Degradation/%

5 Ten3

48 60 72

24 h
48 h 5 Ten3
Fig.5 The growth and degradation curve of Ten3
—- ODgyy —4— degradation.

72.68%

HPLC

5.3min

48 h Ten3
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F 3] n
180 | 0 E
F o 1.80
160 & 1.60 F
140 140F -
120 120 N §
F 2 E a el
100 < 100F T a2
> u s
<080 | 0.80 F
0.60 :‘ 04(,03-
0.40 :‘ i 0.40:_ ~
F o % " | : g
020 | 28 & b4 { 020F S “
r —— N o j L —_
000 F . 0.00 f -
1 1 1 1 1 1 1 1 1 1 1 1 1 n 1
2.00 . 400 6.00 4.00 6.00
t/min t/min
6 Oh HPLC 7 24h HPLC
Fig.6 HPLC analysis of theophylline degradation Fig.7 HPLC analysis of theophylline degradation
by Ten3 in 0 h by Ten3 in 24 h
2.3 Ten3
API Ten3
Ten3 Burkholderia cepacia
94.1%
2.4 Tecn3 16S rDNA
Ten3 DNA 16S rDNA F27 R1522 PCR
1.5kb - PCR 9 10
GenBank AF437875
180 F
1.60 F bp
140 F 23130—
5 6557 —
120¢ 4361 —
1.00 F
= ; b
< 080f 2027— P
L —1500
0.60 F
C X0
040 F i — 1000
! n o~
£ 4 I v
020¢ 5 giﬁ\ §§ S 500
0.00 : _ S-’ L_/\i:’,,\_______ —
200 Minutes 600
8 48h HPLC 9 Ten3d DNA 16S rDNA

Fig.8 HPLC analysis of theophylline degradation
by Ten3 in 48 h

Fig.9 The total DNA of Ten3 and 16S rDNA PCR
amplified spectrum
M, . ADNA/Hind Il 1.Tcn3 total DNA

7 168 +NNA umn]ifiml fraoment L\/[,_. 100hn NINA Tladder
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BLAST Ten3  16S tDNA GenBank 16S rDNA
16S tDNA 99%
ATCC 25364 99.7%

GGTAGGCCTAACACATGCAAGTCGAGCGCACCTTCGGGTGAGCGGCGGACGGGTGAGTAACGCGTGGGAATATGCCCTTT
GGTACGGAATAGTCCTGGGAAACTGGGGGTAATACCGTATGCGCCCTTCGGGGGAAAGATTTATCGCCAAAGGATTAGCCC
GCGTTGGATTAGGTAGTTGGTGGGGTAATGGCCTACCAAGCCGACGATCCATAGCTGGTTTGAGAGGATGATCAGCCACAC
TGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATCTTAGACAATGGGGGCAACCCTGATCTAGC
CATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTCAGCTGGGAAGATAATGACGGTACCAGCAGAAGAAG
CCCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCAC
GTAGGCGGACCGGAAAGTTGGGGGTGAAATCCCGGGGCTCAACCCCGGAACTGCCTTCAAAACTATCGGTCTGGAGTTC
GAGAGAGGTGAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGTGGCGAAGGCGGCTCA
CTGGCTCGATACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACG
ATGAATGCCAGTCGTCGGGCAGCATGCTGTTCGGTGACACACCTAACGGATTAAGCATTCCGCCTGGGGAGTACGGTCGC
AAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAA
CCTTACCAACCCTTGACATCCCAGGACCGGCCCGGAGACGGGTCTTTCACTTCGGTGACCTGGAGACAGGTGCTGCATGG
CTGTCGTCAGCTCGTGTCGTGAGATGTTCGGTTAAGTCCGGCAACGAGCGCAACCCACACTTCCAGTTGCCATCATTTGGT
TGGGCACTCTGGAAGAACTGCCGATGATAAGTCGGAGGAAGGTGTGGATGACGTCAAGTCCTCATGGCCCTTACGGGTTG
GGCTACACACGTGCTACAATGGTGGTGACAGTGGGTTAATCCCCAAAAGCCATCTCAGTTCGGATTGGGGTCTGCAACTC
GACCCCATGAAGTTGGAATCGCTAGTAATCGCGGAACAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGC
CCGTCACACCATGGGAGTTGGGTCTACCCGACGGCCGTGCGCTAACCAGCAATGGGGGCAGCGGACCACGGTAGGCTCA

GCGACTGGGGTGAAGTCGTAACAAGGTAT

10 Ten3 16S rDNA
Fig.10  The sequence of 16S rDNA fragment of Ten3

2.5 Tcn3 Burkholderia cepacia

Ten3
Burkholderia cepacia

Ten3  Burk-
holderia cepacia ®
10 4
ATCC 25364 2 I Tend
Burkholderia CePaCia Fig.11  Electronmicrograph of Ten3

© FERFEMEMINRAMTIKEHIEE http://journals. im. ac. cn



532 42

Ten3 48 h
2 mm ~ 3 mm 30°C ~37C pH pH pHS8.0
11
Ten3
Burkholderia cepacia Ten3
Na,S,0,
Ten3
Ten3
2 Tcen3 Burkholderia cepacia
Table 2 The differentiation of Ten3  Paracoccus versutus and Burkholderia cepacia
Characteristic Ten3 Paracoccus versutus Burkholderia cepacia
Motility - -/+" +
Cell shape rod rod rod

Gram reaction - - _
Poly-B-hydroxybutyrate accumulated + + -
Denitrification + + +
Growth factors - - _

Utilization of

D-glucose + + +
D-galactose + + +
Maltose + + -
Sucrose + + +
Glycerol + + +
Mannitol + + +
L-arabinose + + +
L-malate + + +
Benzoate + + +
Methanol + w -
Na, S, 05 + + -
Urea B - +
L-tryptophan - - +

+ . Utilized - .Not utilized w.Weak growth * .Only one.
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Isolation and Identification of a Theophylline-degrading Bacterial Strain

3

Xu Meiying' >*  Cen Yinghua’®  Deng Shuier’ Sun Guoping”

" Wuhan Institute of Virology — Chinese Academy of Sciences  Wuhan 430071 China
% Guangdong Institute of Microbiology ~Guangzhou 510070  China
3 Guangdong Provincial Laboratory of Microbial Culture Collection and Breeding ~Guangzhou 510070 China

Abstract Bacterial strain Ten3 was isolated from the activated sludge of a pharmaceutical
wastewater treatment system which could grow with theophylline as the sole source of carbon and
energy. The maximum concentration of theophylline degraded by Ten3 is 3 000mg/L. When the
concentration of theoplyline is 1 000mg/L  a complete degradation only needs 48h. For Ten3 de-
erading theophylline the optimal pH is 8.0 and K* is the necessary element. The sequence analys-
is of a 1 500bp 16SrDNA fragment amplified from total DNA of strain Ten3 and the traditional iden-
tification methods was used to identify Ten3. The results showed that Ten3 shares 99.7% 16S rDNA
sequence homology with Paracoccus versutus type strain ATCC 25364 . In phylogenetic framework of
bacterial classification Ten3 belongs to proteobacteria alpha subdivision Rhodobacter group
Paracoccus versutus .
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