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Screening and Characterization of Two Phenol-Degrading
Gene Clusters from Cupriavidus metallidurans CH34

LI Li, ZHANG Jun-ya, TANG Yuan-ping, SONG Ren-tao, ZHU Chen-guang
(Shanghai Key Laboratory of Bio-energy Crops, School of Life Sciences, Shanghai University, Shanghai 200444, China)

Abstract: Cupriavidus metallidurans ( C. metallidurans) CH34 is a kind of heavy metal-resistant
bacterium, whose genome own two phenol-degrading gene clusters and can grow on the medium that has
phenol, cresol, benzoic acid, aniline as sole carbon and energy source. By using vector pIndigo-BAC 5,
a bacterial artificial chromosome ( BAC) library of C. metallidurans CH34 was constructed and thirty
thousand clones were obtained, from which 98% of the clones had an insertion fragment with average size
of 30 kb. It was deduced that the whole BAC library size is about 1 240 times of the genome size. More
than 3 000 clones were screened with PCR and nine positive clones were obtained; five with longer gene
clusters and four with shorter clusters. Two clones with total length of phenol-degrading gene cluster were
used to study its expression in Escherichia coli (E. coli) on the medium using phenol as the sole carbon
source. The results indicate that both clones have the ability to degrade phenol, and the one carrying a

shorter cluster shows stronger ability than that of the one with longer cluster.
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Cupriavidus metallidurans CH34 J2& M 75 4% & 7K
AE B A TTVE W T B AR B ) — Fh AR I I AN R
A BT R T R R RE 0, 38 PR LA A Iy R IR
A S 07 B A5 1 R ME— B R RE T Y 1 S ik o
A ER D AR I AR BRI SE F A, T
W v Iy ) SR 38R 8 0. 33, dicidi pH iy 7.0, dcid
EEH30 °C. CH34 FEZH i iy TA/EE T 2002 4
9 H5eml, g @ik R/hH 3.9 Mb, &4 3 KRR
ki . Megaplasmid (2.6 Mb), pMOL 28 (171 kb) #A
pMOL 30(234 kb).

ABFFER AT GenBank 4k 4 , i i U8 HE H 41
SO, A IR CH34 56 PR 4 v A 78 35 800 1) 4% 19 A i
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FEALOL R RE AL A BF5E R A pIndigo-BAC 5 %
gt T CH34 B4R A LY 844 (bacterial artificial
chromosome, BAC ) FE [Kl 4 SC FE. #R & [ Wy F& (A %
LmPH ) phIN B H 3115197, H PCR (197716 BAC
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Witk C. metallidurans CH34 W) T 38 B A 2 855 57
Yy & 8% # .0 ( American Type Culture Collection,
ATCC) ,BAC #{& pIndigo-BAC 5 Il T EpiCentre /%
A RIS SRR A R AT B (E. coli) 2524540
Ha DHIOB Iy T Tnvitrogen /4], Ik v 535 I 3k 1
Marker Ity 7= NEB 2% ®], R il ¥4 4 U B Not 1,
Hind Ml #1 Xba | W) F Fermentas /Y &), Taq DNA
Polymerase F{l ANTP i) -F TaKaRa 2\ ).
1.2 7k
1.2.1 BAC JERE

BEE R Bt DNA Jili AFOR B &, B AT v
i 1125 BAC SCIE & JE R8T, DA T Sy RIS /) S
A BRI PRI 201 SO AR B 5 T JERH . BAC 3¢
JEBR TR AR BeB RO, ik BA AL RS E PRI A
BGARAGOEAL, , AS B S i i A CH34
(9 BAC SUFE  RBIFFEH: 2 DA R AL FE A T RE.

e 5 IR 4> T R Y CH34 BEH 20 DNA,
DNA PRAFTARSE 5t i 46 1) Jee e v, e e A A
T 0.1 mol/L EDTA i, #ff i e (B ) 45 AF )5, TF 46
IEAEEY). BOE ) DNA BEAT DT, 945 3R/
SR B, — AT BT U Bk s R Ak
ok g L UK ) S5 A R 1% BRAEWEBEIS 0. 5 x TBE,
6 V/emHJE,90 s ikt [a], 14 CHLyK 16 h LIy
WD R Fr Be. 26 UK v 37 B Uk ) 25 4 Ry 1% Bl
BEEERE,0.5 x TBE ,4 V/emH [ ,5 s kst aE], 14 C
HLIK S h. LLJpF Marker 32 18, UIF Fr BOR/ME
100 ~300 kb fj DNA iz, B AT 4%, i vt liee 21
FIFR f) DNA B ™. 55 DNA fflevfe B0 Lo A%, 7
SERFRII I B DNA Ui, LA S B 1 Fr B
IREER S+ 1R Lol R AT i 4, 4 1R R SRR
50 pL, RN T 16 CHEFT29 10 h, 15 2/ 145 4™
Y)F 65 °C AL FE15 min, LU T4 DNA 3% £ fiff 2%
T 1O St P AT R A e 4 A B D 5 e Ak
o ARG R R RS BRI AT A 3
AL P BEALPRE 96 A~ vake, LB ik 57 )5 , 8
TR VA L BAC R, B U IS #E 4T bk o3z
VK, AT E 1 AR B R /).
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1.2.2 PHME e ik

HRAlE CH34 119 2 A2 oy 986 A ik DR A 1) ORI 3
BT 2 X514, o B K 0 5 1 8
5 chlf ( 5'-AACGCACTCAAGGTGTTTATCCAGG-
3'), chlr (5-GCGAAGGTCTGATGGCTGATGTG-3") ,
T i v s 5 1917 51 R ch2f(5'-CCTGTCCGTG-
CCGAAGTCGTATTT-3") , ch2r(5’-CAGAAGTGGTAG-
TGCTCGCCGTTG-3"). M\ BAC 3C A v [t HL Bk 1t 24
3 000/ 5 B , 38 43 B 24 fiff 105 4l I BAC 5k, PCR 9
85 A TBIEE F Uk , AR R A T B — 1 H W 2
SR i 1 PH A 5
1.2.3  Sg3dH AR B v e bk vk

XFFREE RN 5 A KRN B 7R L & 4 A4
A R R SR 2 B E BAC kL, A Sca 1
TV e HEA TSN M L vk ARFE D) TR 2 KN, 5 2
AR T 5 PR A% %) it 1) L A A ) R, 4% PR EE— A
SERAT AL e T IR S DI RE ST
1.2.4  FAYESEREM T RE AT

2 A e R T i PR 1) B TR 43 il
BeFp R LIRS v — B R, LA N [R] 5 vk B
JEOR B 1) TOHLER s 75 kv, FL b 2R I 19 5T o v B
%2k 50,100,200,500,800 mg/L. 44~ 35 (e 4T 3 ¥k
AT, O TS50 14 BMEAE S50 B HE . BB
24 h BRI TR OD g VAR AE TR AR MR B2 ]
WCHE 1) 4- 28 B4R EL MR 5 T V0 1 A T VR
JEU L BRI RO FIE 80 wLF 10 mL B R,
INZEW7K 24 mL JRA 5585 A 80 Wl 2% 1) 4-%
BB ORI TR RN 80 L 8% I sk B A TR TR 5D
Je I HAES00 o A2h 1) W . AR B8 28 iy ot 2 VR 3
o 2R RN A it v TR A TR T 1 R OGS R
B R FH R, P IR TF IR TR, B 3R B i R
T ) B B, 28 11 BURE.

2 HERE5HMm

2.1 XEMMESERE

AT Rbk CH34 SRR GC &, Not 1 i
PG A I AT 2 AN T SO AR BOR/INI S8
JE . TR CH34 BERIZH 534,y 1 58 ) (s i
FESCER AR BU KN i i Xba 1 31 7RED] , %514
SRR AR BERY RN T 788 R A 1 iR,
Ho 1 ~25 HFEEG YRS ,M 5 1 kb Marker. 38520}, Bl
BLPEHR 96 1> Sl MELI45 R ,98% (1) ve e & A 4
AFBARA RN AT AE20 ~ 120 kb Z [8], 345 2K /)

25 30 kb, Ko 254 61% (1) 55 B4l A K B K F
50 kb. HR4F-390 A R Br (2930 kb)) FISCE 1 45 &=
(293 Jivil) TR, SCEE 55 1 249 000 Mb i 2L [
1P, ARAE CH34 JE[H 40 7.25 Mb K/MESRL, I SC%E
s T CH34 AL 1240 £5.

123456 78910 111213141516171819202122232425M

B 1 C. metallidurans CH34 g 25 4~ BAC X EE[E
Xba 1 EaEEY]E L
Fig.1 Xba 1 restriction map of the 25 clones from the
BAC library of C. metallidurans CH34

2.2 XEMHIE
ST PR BE LB 3 000 4> v [, I d 2445 3]
TS ARER PR e RE (LI 2, Hod 1 xR,
2 ~6 IS, T IEXT R, M A 100 bp Marker)
4 A JHE R SO (LR 3, Hod 1~ 4 g HE g
5,5 NIEXTER 6 Ky Xt BE, M Sk 100 bp Marker).
XFFEN Y 9 AP e RS AT A0 R I 2 AL Bk R 4 7
MR, &5 NCBI R E sk 1Y C. metallidurans
CH34 P28y FE AR R R Y97 56 42— 30, I U I A 51
B R BAC SCPErp i s e, A A Y Ak PR 20 7 91
Ao RAEGE ARG RS EPE.
1 2 3 4 5 6 7M

600 bp

B2 MRFKER LmPH EEFEi&t54, HE2e s 4
PRIE5ZPERY PCR #7145 R

Fig.2 PCR amplification of the 5 positive clones

according to the LmPH gene on the longer cluster
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600 bp

B3 RIEEER LmPH EREZiH519, fFiE 2 4 4
PHIESEFERY PCR #1545 R
Fig.3 PCR amplification of the 4 positive clones according

to the LmPH gene on the shorter cluster

2.3 [HMERFERIEE

9 AN FAME TR BAC Jiki DNA 28 Sca 1 B G HY
HLUKZE RN E 4 Fros, Hp 1 ~5 S A KEM I
Pk 5E BE,6 ~9 & A JERE M B PE s B, M Sl 1 kb

Marker. CH34 55 2 N 8y [ fifg 32k DR 040 1l U7 467
BN S fiws. 8550 5, KFER 4 5 78 [ e %
) 2 5 v b A A 50 FE R L DR 72 1Y) e

1 23 456789 M

4 9N PHMETEES Sca | BEYIFHIEIKE
Fig.4 Electrophoresis of the 9 positive clones digested with Sca I
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A AN B
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A S N B HB  SorfyK NN K S EX AH
K K X X A T KLMN OPGB KC EF GHINNML P S Hpr
KR oo - - m-—  me
A
A A S B E
N SE K K HH EB s S L KOcaa ES E E B
E orfi E K Kt A A" R KLMNKpEK E NBt off TS K
L) e - - + - T el R e

5 C. metallidurans CH34 K55 2 >R B PERFE B FR A0 BE U1 4L = Bl
Fig.5 Restriction map of the 2 phenol-degradating gene clusters from C. metallidurans CH34
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1 OARKIER 4 5 BEMBE RN 2 5 BTk
PCERI M R AE AN [R5 3 Jor 9 B2 1) A I
2 MR 3 SIX 2 A v B X R Ty 1) A1 T k. T\ A
A L2 AN E AL TR R R AR A R
{H IR i e Bk 1) 800 mg/L i, JLF- AR K
FEARRIZR B i o P, S A AR A S AL T I 2R K
RV LA R P DLAR L T3 A KRR 56 1L 152
AN T TER B AR e B AV I, o 2% 1 1) ) T
Pydges. WEFEI BB, A O 00 B RS A A5 45 BAC
JEOBL A KT BT, 70 9 Jo 0 ok P2 IRt R B
T E PR M 3 =D AT RE K AT e A B st HL
A —E R B 2 1

3 & RIF

TR AR BAC FEE 7 T C. metallidurans
CH34 SEIA 2y 1 240 £, ARG E R, S5
TR R B s e 4, AR AR 28
Wee o e PR J A I AT T 200 L P 1 3k (g1, A7 AE 4G
PULSEAETEANER]) FT 1 S LA

MER B, S KEMRE SRR T e S A
AR e R B A AR Ty S e ke o [ B O 24 H
BE R T S et R 1 T e, AR A BE ) SRR B 3R
BRI T RRAR, W] CH34 5% 8y [ A ik PR 72 7 K
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F1 21 EEREERREBRERE THEKFEDR(ODy,)
Table 1 Growth of the 2 positive clones in different phenol

concentrations ( OD,, )

TREWSE | HURERt Rl /d
(mg . Lfl) AL T 1 2 3 4 5
fEfE 0.115 0.508 0.397 0.351 0.310
50 K#  0.006 0.011 0.001 0.001 0.009
Z5#% 0.019 0.141 0.148 0.134 0.135
EfE 0.133  0.418 0.461 0.275 0.261
100 K4 0.017 0.010 0.001 0.001 0.001
zs# 0.001 0.000 0.000 0.000 O0.114
4§ 0.005 0.001 0.139 0.206 0.176
200 K4 0.017 0.002 0.012 0.001 0.001
zs# 0.019 0.012 0.001 0.001 0.001
45 0.004 0.001 0.019 0.017 0.015
500 K5 0.018 0.009 0.007 0.000 0.000
z#%  0.018 0.006 0.000 0.000 0.000
A% 0.002  0.001 0.008 0.000 0.001
800 K 0.026 0.010 0.001 0.000 0.000
2% 0.014 0.001 0.000 0.000 0.000

R2 2MHMREESCRAEBRERE T EBIF A

1B 52 (ODgy )
Table 2  Phenol utilization of the 2 positive clones in
different phenol concentrations ( ODy, )
R/ HkE )/ d
T LT
(mg+L7) 1 2 3 4 5

JE5%  0.138 3 0.001 8 0.001 0 0.0000 0.0000

50 K% 0.1119 0.106 6 0.1147 0.121 3 0.100 3

Z57%, 0.0711 0.0523 0.061 1 0.057 1 0.050 3

% 0.2560 0.117 3 0.001 8 0.000 0 0.000 0

100 K% 0.4458 0.2319 0.2280 0.264 4 0.228 3

2573 0.1662 0.178 0 0.1277 0.1547 0.1190

4Gk 0.8503 0.447 6 0.3058 0.3233 0.304 9

200 K& 0.4895 0.4632 0.4550 0.4874 0.4356

753 0.5429 0.5806 0.538 6 0.659 3 0.590 5
%
%

3] 1.0502 1.1659 1.0551 0.9528 0.904 0
500 S 1.0595 1.0282 1.0480 1.0825 0.932 6
257 1.0516 1.0277 1.0019 1.1287 0.9326
JEE 1.5782 1.563 1 1.636 1 1.618 3 1.493 7
800 Kk 1.5435 1.4667 1.5465 1.5729 1.619 8
253 1.4481 1.5334 1.4334 1.1287 1.4475

R3 2 MHMREEAREEBRERE T REBAFEMHERR

Table 3 Degradation efficiency of the 2 positive clones in

different phenol concentrations %
TR TR/ (mg - L")

T 50 100 200 ; 500 800
FEy3 98.7 54.2 18.6 9.3 5.4
KR 32.6 19.0 9.2 7.7 1.4
=R 28.1 6.9 7.2 2.6 0.0

Je 1 T AR LAFTE 2 A 2 i S s ] R 7 i 25 1A
BELASF 1R I o AP R LA A9 5% Ak, X 2 AN 9 )
FURBE R L&, e AR R 25, H KRR
—ME S B TR PR AR PLMN S5, (Rt AT
FLIE I BAC U, e R 2 /> 58 8 1 2K I i
H PR, I AL R AT B mb X A5 1 1) R AR
T R A 0 T W 4t F Wl G 2 1 AR B I BE . 4 )i
AR TR IR AR 2 AR 2 8] 1 HAF SC & 1o 2
FEBE AR, 2 AT W e o ik DR 8 i 39 ] —
KL LB T 75 A — MR 71
Wk Iy RE ) 07 T Y 22 S, AT 723X 2 AN =2 1A 15
FAEfE S HT A LA

S 3k
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