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Abstract Nucleotide and deduced amino acid sequence of tfdA gene, which cloned from an effective 2,4-D-de- grading bacteria

strain BJ71 identified as Cupriavidus campinensis, were assessed by using bioinformatic methods, which including analysis of physical

and chemical characteristics, hydrophobicity or hydrophilicity, and

Wik H 3. 2014 45 09 11 16 H subcellu- lar localization, prediction of signal peptide,
5 HHH: 2014 £ 09 H 30
%;Eiﬁ 2014 i 10; 10 E transmembrane spaning domain, secondary structure and tertiary

HEWH. AR ERERFRAEY S MECE E  structure according to protein sequence. The results showed that tfdA

z% ;’; i%;ﬁ; %%Ojl?é)gfgggfgzoi)oso (%8%%)% gene ORF was 864 bp, ascribed as Class [ tfdA gene according to
=N 4 R T 4 T H\(%\ﬂé} J 5[2013]2123) analysis of phylogenetic tree. It encoded 287 amino acid polypeptide

JL[E B, with a molecular weight of 32 kD and the isoelectric point of 6.01. It
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had no signal peptide and transmembrane region, and was a hydrophilic soluble protein located in the cytoplasm. Alpha helix and

random coil were main secondary structure components. Tertiary structure was also obtained using RaptorX and Ramachandran

analysis in Molprobity software.

Keywords 2,4-D-degrading gene; tfdA; Phylogenetic tree; Bioinfomatical analysis

R 2,4- SR A SR (2,4-D)E N — Rl B
W 2 e B BR ), B 20 AT 40 FEART
AT DISR EH T 2 N TN+ 2 AE RN AR
NI, 2012), R 2,4-D [ EUE, (HOREAE
AR LI B, Bl R K,
VB PEFEANH T K i peds 44 (Cox et al., 2000;
Starrett et al., 2000; Johannesen and Aamand, 2003;
Farenhorst et al., 2008) . JR35 A1 (1) 1R Z 5 A= 4 #mT LA
VAP BTN 52 2,4-D CL28 77 198 3] 1) T A T A AN 21
Gi R BN 3 #E(Kamagata et al., 1997). 551
A SR AR B-F y- AR T A, JE T tfdA
FER 22 St — 2050 R 3 AN, T TR DA 73
2 F| [ Cupriavidus necator (& Fx v Alcagenes
eutrophus, Ralstonia eutropha, Wautersia eurtropha)
JMP134 TE Pk tfdA R A DGMF, 1T/ EL Burkholderia
sp. RASC B # tfdA 2t K N R %, I %
L Burkholderia cepacia 2a Mtk tfdA JEKNARER
(McGowanetal., 1998); % 2 HFI 3 H S H
tfdA-like JE[X], 18 FEMERE /155 (Kitagawa et al.,
2002; Itoh et al., 2004; Zaprasis et al., 2010). HH
FICATEFE I AZ C. necator IMP134 B & thdA it
R, gt =47 Fe( 11 )/ o % P MR 1A XU AU
TfdA, 53KJ§T Escherichia coli Z-h#fR XN % g
TauD [)J& 155 = HF ol 1 — BRAKHIE XN 2 Bl X
%% 72 (Hogan et al., 2000; Mler et al., 2006). 5%
R, TfdA EAERW 2, 4D N 2, 4-Z50KH
(2, A-DCP)M L EERR I RIS, - I — R B 5 A8 H
IR FAL (Fukumori and Hausinger, 1993). Elkins %%
(2002)F]H E. coli 4+ SUINAA NG TauD FlRIEERR
A CASL A5 #(PDB ID: 1gqw, 1DS1)M
AT T C. necator IMP134 [tk TfdA FE K=
gy, 8 JE AR 7T R ISR IE T E. coli A1 Pseudo-
monas putida [ TauD J£IE RGN, 2T E
1A F) A4 45 74 (Knawuer et al., 2012).

FERTIAWEFErE, A 2, 4-D 15 5L H) 2 H 13
oy Bk B — Ak 2, 4D MRIRRE IR
Cupriavidus campinensis BJ71 ik, ek 1 174E
TURL 1 2, 4-D BEARIED thdA 24751, W15 53
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&5 C. necator JMP134 Bifk tfdA JE K £E4E —
LT AW MR RS0 K BT IRAS I tdA
BRI AT 737, I ARG BB TR thdA gwid
YIBEAT TR, WO % IR I (R R TE B 578
BS 5 Sl

1 &R 5404
1.1 tfdA ZR{RFEHIRI T KRR R BRI
A RER) 2,4-D =2 M C. campinensis
BJ71 Witk tidA K 4K 7 %1 864 bp, @i Bioedit
AR BN 287 ANEERR 741 1) & A (B
1) CD Search 7r#TR I tldA FEF AL =¥ N 2,
4-D /ol [ — A XU A B TFdA, HEA5 TauD
ZEEM, J&T CAS BUUMEREWE 2). 5H
RUARE BARFENERT T e T, IR tfdA FEBE DAL K
tfdA-like JE£ A\ tauD FEFILFRIMERGIRK G W, 4
SR, FRATAN BI71 B MR AR 2 ) 2,4-D FEA#
F [ tfdA 5 A. eutrophus JMP134 B #k tidA KT —
B, BT 1% tfdA BEF (B 3). ZER L=
TfdA EH 5 IMP134 Bk TfdA FLL, 7778 27 D&
BEPR 7 (B 4).

1.2 TfdA B EEARB A5 551

Bt ProtParam #2375 H 2 R 2H Bl 2 I -4H
BT 43, Bl A5 F&2 8 32 kD, Bk pl (A
N 6.01, AnFasE Z¥0 50.68, =T 40, HAE E. coli
BRI AT 10 h, BT AKREENEA.
HAERERARNE 1, AhEEENEE MR
A 3F0, 43 A Ala 33 1~(11.5%) Arg 30 1~(10.5%)
A Leu 28 1~(9.8%), & EAAKIIN Cys. A 34
(1.0%); 7 1E B £ (Arg+Lys) Al 61 B ff (Asp+Glu) [ &
FERRBR Ly B4 34 ANH1 39 . RIS SR B4R 3L
i, 1A 82.65.

1.3 TdA BARB S, BEKX . 2 XEHRKMES
i

5T IR AL T8 N I 1 AT 4 BT Y1) 15~30 N 2
FRETHT S 7 FV AR, A5 S K BAE Bh T & A Thae
BRI 4y LR 4R 2 7 ; DL D-cutoff 0.450, 145
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] ATG AGC GCA GTT GCC AAC CCT CTT CAC CCT CTT TTC GTC GGA GAG GTC GAG GAC ATC GAC CTT CGA TGC 69

§ M 8 A MK N LE B HyP . W F O OB ¥ LD T BB E E2
70 CCC CTG GGC CCG GCC GAG GTC CGG GAG ATC GAA CGC CAG ATG GAC GAG ATG TCG GTC CTG GTG TTC CGC 138
54 B m™o@ P A R ¥V OB OB VL OB R D NP B ™M 8§ VO L W P SR A
139 GGG CAA GCC CTG GAC CAG GAT CAG CAG ATC GCC TTC GCG CGC AAC TTC GGG CCG CTC GRA GGC GGC TTC 207
g & B & L B @ B € X B OEF AR WBER G F LK BB T
208 ATC AAG GTC AAC CAG AGG CCT TCG AGA TTC AAG TAC GCC GAG TTG GCG GAC ATC TCG AAC GTC AGT CTC 276
a0 T &S W BT 20 TR B TR R R BRSO AT IhGRT LB D N 5 R
277 GAC GGC AAG GTC GCG CAA CGC GAC GCG CGT GAA GTC GTC GGC AAT TTC GCC AAC CAG CTC TGG CAC AGC 345
g3 Dl G G ST R O O LA R B N e el SR TRV RGN D SERD UL W sl seRe - JI1S
346 GAC AGC TCA TTC CAG CAG CCC GCC GCC CGC TAT TCG ATG CTT TCC GCG GTG GTC GTT CCC TCG TCG GGC 414
16 D S8 ST TWER S B e T TR RS T D F ST VI T <SR SRR A R TR S g 138
415 GGC GAC ACC GAG TTC TGC GAC ATG CGT GCG GCC TAC GAC GCG CTT CCC GCA GAC CTG AAG GCC GRA CTC 483
1301 » Gt o D S8R - RS TP 8 ERE TN MRS W R Ve Dol A Pl B DI - IREERD WR T CFe 6]
484 GAA GGG CTG CAG GCC GAG CAC TAG GCG CTG AAC TCC CGC TTC CTT CTG GGC GAC ACC GAC TAC TCC GAG 552
162 B &G e R BB R, B B Ny 8 R EYGE BT SEE DY, e B e g e e
553 GCG CAA CGC AAT GCC ATG CCG CCG GTC AGG TGG CCG CTG GTT CGA ACC CAT GCC GGC TCG GGA CGC CGC 621
188 & B B ON--& W P OE W R WR I WORNTDR BEVE IS YE ™RE R 207
622 TTT CTC TTC ATC GGT GCC CAC GCG GGC CAC ATC GARA GGC CGC CCG GTC GCC GAA GGC CGG ATG CTG CTC 690
o08 B T ¥ OE @ A ® A G I B &G R OB W AS BTG MEMMETe R 230
691 GCG GAG CTG CTC GAA CAC GCG ACG CAA CGC CAG TTC GTG TAC CGC CAT CGC TGG CAG GTC GGG GAC CTG 759
23 & ‘B L & OE ® B ¥ . R O F ¥ ¥ B B-IE WU e w253
760 GTG ATG TGG GAC AAC CGT TGC GTT CTC CAC CGC GGG CGA CGC TAC GAC ATC TCG GCC AGG CGC GAG CTG 828
Se4 BOOM W OB N R € W & B R G R OGRS Bl O SN SRS SRR T 276
829 CGC CGG GCG ACG ACC CTG GAC GAC GCC GTC GCC TAG 867
9TA B, RS AL VBRI AT BB D PR N By o 287

1 Cupriavidus campinensis BJ71 FEFktfdA FER A T H 4t 2 25 1% 7 41

Figure 1 Sequences of tfdA gene and deduced amino acid of Cupriavidus campinensis BJ71
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Figure 2 Conserved domain search of tfdA gene of C. campinensis BJ71 by CD-Search

98 Alcaligenes eutrophus tfdA (M16730)
100 Cupriavidus campinensis BJ71 tfdA
Burkholderia cepacia 2a tfdA (AF029344)
'OOD Burkholderia sp. RASC tfdA (U25717)
Alphaproteobacterium sp. HW 13 tfdA-like (AB074492)
Escherichia coil str. K-12 substr. MG1665 tauD (NC 000913)

| e
0.1

K3 MEGAS.0 ¥J%C. campinensis BJ71 Btk KtfdA £ R SRk & W

A SRAARIT, Eid R R 1000 (kAT B BT, L% A. eutrophus (M16730). Burkholderia sp. RASC (U25717),
B. cepacia 2a (AF029344) 4} 5l }yClass 1, 11, I1ItfdA %= #1183, Alphaproteobacterium sp. HW13 (AB074492) JytfdA-like 2 [A]
K482, LAE. coil str. K-12 substr. MG1665 tauD (NC_000913) Jy #hit

Figure 3 Phylogenetic tree of tfdA gene of C. campinensis BJ71 by MEGA5.0

Note: The tree was obtained using the neighbor-joining method and bootstrap values were based on 1 000 resampled datasets; Four
ref- erence tfdA-like gene sequences, class I tfdA, from A. eutrophus (M16730), class II tfdA, from Burkholderia sp. RASC (U25717),
class III, from B. cepacia 2a (AF029344), tfdA-like, from Alphaproteobacterium sp. HW13 (AB074492), and E. coil str.
K-12substr. MG1665 tauD (NC_000913) as the outgroup
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Figure 4 Alignment of the amino acid between tfdA of BJ71 and C. necator JMP134 by ClustalW2

H N LM 21773, F SignalP 4.1 FiGi{E 5 ik
SERRI, THA B E 1S 5 KR GG B Y A7 25 1) B i
#3435 (Y-score maximum)fi i, S ~F¥J1E (mean
S-score) /T 0.5, fiF 0.1~0.2 28, FHiZEH
AEAETIR(E ), Al , S A
2 P AN BEAT 5 IS o

JELEE 7 ARANX . B RN X, 5
X 5k A2 2 ARG B N 3 . MU TMpred A
SOSUI 73 #rifs B, 45 SRR W1 B AL IR R
M, 2 FmrEEE A& 6). dt—HFIH PSORT
BT THA & E AR e AL T 0, 255 0
F 2, RoRHE AL RN M 1) R RE PR K .

I 1 T 1 I I

10F C-score —
S-score —
08 F Y-score R
4 06F E
&R 04F :
A ‘ ]
FL T ._:-:v;m-v~,::;:;:-<;;;;:“v.::,::‘:,y 1::“;-,.‘::.

0 _k\ 111 T (] [ \‘}'“' }MI‘ | 1
MSAVANPLHPLFVGEVEDIDLRCPLGPAEVREIERQMDEMSVL.VFRGQALXXDQDQQIAFARNFGPLGGGH

1 1 1

1 1 1
0 10 20 30 40 50 60 70
fir &
Position
K 5 SignalP 4.1 TRl C. campinensis BJ71 B ik TfdA & A
{558k
Figure 5 Signal Peptide analysis of TfdA protein of C. campinen
— sis BJ71 by SignalP 4.1
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B KAE R QRS RIS ), vAE
1 R a5 M T S A4 E . R FH ProtScale 43 #T 85
FR SR B K 1, 287N LR R TRdA R 1 1,
SRIK R H63.4%, TME/KEAILRE 533.8%, /K
PRI R IEBR N B TTO M 2 R, HAE & AK
(-2.311);

#1 C. campinensis BJ71 BEFRTFAA & A2 HEFRH K
Table 1 Amino acid composition of TfdA protein of C.

campinensis BJ71

TR BuE W) HIER B (%)
Amino  No. Propertion Amino acid No. Proportion
acid (%) (%)
HEE 33 115 WEE 30 10.5
Ala Arg

RAMERE 9 3.1 REGR 20 7.0
Asn Asn

FERE 3 1.0 HaEBE 15 5.2
Cys Gln

HER 19 66 HER 20 7.0
Glu Gly

HEE 9 31 AR 8 2.8
His lle

SEMR 28 9.8 MER 4 14
Leu Lys

HmERE 8 2.8 RNAE 13 45
Met Phe

&R 13 45 22 5 R 16 5.6
Pro Ser

HAE 6 2.1 tE)R 4 14
Thr T

e 7 2.4 HmER 22 7.7
Tyr Val
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2 2 C. campinensis BJ71 Btk TfdA & E 40 5E A1 43
Hr

Table 2 Analysis of subcellular location of TfdA protein of C.
campinensis BJ71

AL 7S
Location Probability
o 9.97
Cytoplasmic

B 0.01
Cytoplasmic membrane

2 A J 0.01
Periplasmic

HhIR 0.00
Outermembrane

ffa 4t 0.00

Extracellular
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B
P 6 C. campinensis BJ71 Btk TfdA 2 5B HT
A TMpred 741455, B: SOSUI 43 brds 3
Figure 6 Transmembrane analysis of TfdA protein of C.
campinensis BJ71
Note: A: Analysis by TMpred; B: Analysis by SOSUI

BRI AR N 130 M2 ER, Hoy
Hf i (1.911); HSRKVEX 82, fillll TfdA &
FURSERMER A(E 7). X 582 K s st
R . AN H R TR A — B, B
C.campinensis BJ71 B #k[1 TfdA & & — M &S
SRE EAL T AHE P R SR K
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fir
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K 7 ProtScale Fiill C. campinensis BJ71 ik TfdA A
SRR K
Figure 7 Prediction of hydrophobicity or hydrophilicity of TfdA

protein of C. campinensis BJ71 by ProtScale

Wi il oo onfasun oo s wanfpon i o
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18 SOMPA 43 #7C. campinensis BJ71 BEFETfAA A1
P G5

Figure 8 Analysis of secondary structure of TfdA protein of C.
campinensis BJ71 by SOMPA

1.4 TfdA B EH 51 RAEE BT

A C. necator IMP134 i #kf¥ TfdA T HE NS
H, FIH SOPMA 73t 2 NMANFE B PE TA B EH
TREER . SERRWER 3), 2 DR R 4
Fggeft b, a-82E(H) AT B-%% £ (T) EL B AF£E Sk 22
5o AT BI71 Hibk THAA A a-iZhEh
91 4, B-E:ffh 8 4, LMAEHN(C) N 136 4>, 4E
HEE(E) N 52 15 a-B2ie AT 2 TTdA & 3%
A2 A6 R 1 B 2H R M R (B 8), AR T AR E B
ERNEE AN

iz H PredictProtein Tii% & A& 154 b
(Ceroni et al., 2006), Z5iR &R, ZEEKA _Hi#
FERY s Prosite #E4T ThEE AT 55 194> #7 (Bairoch et al.,
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1997), KA 1 AMFERALLLAT <6 DEERRILAL
2 MELRACAL S AN 2 ANBEREA AL (R 4). E A R
P JE B 1 A2 B A L i BT e s PR R
PO S AR AT PR A P kS 21 A
L Hedr, S B FRERRE H A BRI R B R
TNE, B, ZEABRAL B TR
AL A

1.5 TfdA 55 B4 i 98 e o it

5 2 et 2~5 2% o WEIEAH TL4E ST T )
SPATEUCPAT BB IR LS 1, 5 46 Hh IS e 45 /4 1 2
HEERE SR T . SWEA. HEA MRS
(BRELE, 2004), ool b R M 878 (1) 346 ih 4544
BAR o BRHELEIZE A I B 8K (31.71%), H
COILS T 25 B A & 45t ik, tATE K
EEERBEE(E 9).

1.6 TfdA A =HK &I & 535t
FIH RaptorX BT =AM, 4585
JNA] L PDB d E H 3pvjA. 1gqwA Fll 1oihA Ayt

F32 NERTIIA 5 gt i &5

B, BN 3pviA, A 27 NREERZE RN

BJ71 Btk TfdA & LL K C. necator IMP134 TfdA
A (NCBI &35 5:YP_025400) A 2458, =2 454
W 10, FTLAE H, 2 ANEE A1 =g i A AR AL,

{H JMP134 BFEK) TFAA AT EEEZ W -1
(B F &7k Br); BT R H SOPMA il IMP134
HPE THAA S E A4 R R o1, B-
e A BRI 20 I AR A i T BI7L IR TRAA 2R
X T = VA

{fF MolProbity #{+ Ramachandran 44t
BJ71 Eitk TfdA MI=2Kk&M(E 11), T
TfdA =45 IR 92.3% (263/285)(1) & R T
FHEAL T BRI IR, A 97.9% (279/285) [ & FE 2
AL R T FOVE X RN, 10 B A RS 2R 25 ) ] 5
HEHf -

Table 3 Predicted results of secondary structure of TfdA protein from two strains

3oy AP AE a- IR iE(%) B~ 111 (%) TR i (%) SEAREE (%)

Elements of secondary strucuture a-helix (%) B-turn (%) Random coil (%) Extanded strand (%)
C. campinensis BJ71 TfdA 31.71 2.79 47.39 18.12

C. necator IMP134 TfdA 30.66 3.83 47.39 18.12

E: EE T RES TR R HISOPMA HEAT
Note: Predicted results of secondary structure by SOPMA

2 4 C. campinensis BJ71 #tk TidA & AR Hr
Table 4 Motifs in TfdA protein of C. campinensis BJ71

B (ERE)

TfdA =R E

TfdA S IE IR FE

Motifs (annotation) Sites of TfdA amino acid Amino acid

N-HE AL AL £ 89~92 NVSL

ASN_GLYCOSYLATION

CAMP & cGMP {7 14: 25 [ ol B A o7 550 277~280 RRAT

CAMP_PHOSPHO_SITE

F A BEEC B LA 204~206 SGR

PKC_PHOSPHO_SITE 238~240 TQR
271~273 SAR SGGD

% 2 T 1T R R A o7 A 137~140

CK2_PHOSPHO_SITE 280~283 TTLD

N- S BESEAL fr A 106~111 GNFANQ

MYRISTYL 212~217 GAHAGH

Ak 5 204~207 SGRR

AMIDATION 264~267 RGRR

E: TidA EABASHT A Prosite 34T
Note: Motifs in TfdA protein by Prosite
Copyright © 2014 BioPublisher
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Figure 9 COILS analysis of TfdA protein of C. campinensis
BJ71

General case

180

180 ~
g vl J N

Psi Psi

180

180

Psi

°.
°
+ -3 “

A

180

0

180

180 180

F€10 RaptorX FRINTFAA & 4 =R 451

#: A C. campinensis BJ71; B: C. necator JIMP134; i3k fit
NG KMER

Figure 10 Tertiary structure of TfdA predicted by RaptorX
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