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Identification of Metal Transporter Genes
Using Coding Theory
Hiroki Sato', Yeondae Kwon'" and Satoru Miyazaki'®

Stenotrofomonas maltophilia, gram-negative bacteria, produces the enzyme
beta-lactamase which breaks open the beta-lactam ring of the antibiotic, rendering the
antibiotic ineffective, and hence, has a remarkable capacity for drug and heavy metal
resistance. Biochemical experiments have revealed that there is a relationship between
the enzyme content and the metal content and that the uptake of metal ions by transporter
genes is associated with the resistance against metal ions of S.maltophilia. However, few
metal transporter genes make general bioinformatics tools such as homology and motif
search inappropriate. In this study, we assume hydrophilic amino acids in hydrophobic
transmembrane domains of a transporter gene to be redundant amino acids and present a
novel method for identifying metal transporter genes with coding theory.
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[6]72& Stenotrofomonas maltophilia K279a # & Stenotrofomonas maltophilia R551-3 #k®
4 ORF (Open Reading Frame) 5 & Ht#5 L 72, Z 41 5 ¢ ORF & #i2> & location, product.,
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# 2 S.maltophilia K279a kD7 2 v 7 — % & v b O HFHI

location product gene protein_id TI/BsEC EEEH IR

1.1332 putative chromosomal replication initiator protein DnaA dnaA CAN85568.1 MDAWSRSLEF atggatgcttg 1332
1608.2708 putative DNA polymerase III beta subunit dnaN CAQ43620.1 MRFTLQREAF atgcgtttcac 1101
complement(2957..3274) hypothetical protein CAQ43621.1 MDKKALLPDL gtggataaaaz 318
3704.4798 putative DNA replication and repair protein RecF recF  CAQ43622.1 MLIRRLALHQI atgcttatccg 1095
4911.7370 putative DNA gyrase subunit B gyrB CAQ43623.1 MSDEQNTPAlatgagcgacg 2460
7438..8283 putative transmembrane protease CAQ43624.1 MSASAPVSAF atgtcagcatc 846
8355.9161 putative peptidase CAQ43625.1 MKQLLLALVI1atgaaacaac 807
9294.10481 conserved hypothetical TPR repeat family protein CAQ43626.1 MIFRNHKAVL! atgattttccg 1188
10625..11293 putative proline—rich TonB dependent receptor protein CAQ43627.1 MTEQLVVHRY atgacggaac 669
11388..12149 putative biopolymer transport exbB protein exbB1 CAQ43628.1 MLQEIFIAAAA atgctgcagg: 762

location: Bt %] L A7 & 175 #t; product: 2 > 2% 7 B D4 Frok RE; gene: B ST i fiid 5 85 T3 7R /L ; protein_id:
FAR S5 CDS (Coding Sequence) feature (Zxt L C [E BEHE H 515 — & ~<— & INSDC (International Nucleotide
Sequence Database Collaboration) 2336479~ % ik 5l
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DOFFHFEBET NI XALTHY, FBT—X %27 7 AT L0 Dl R R AR
I ZET, RMOT—EANELLD 0 T RAET 0 EHNTDHZENTE BH[6],
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LB P ERR OBETIAE LRI RT,
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ND kT AR—Z—BET 69 & EtET — X IZEID Y TD,
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MBI I T DAL OF AL, FEME (Specificity, LLF SP). #5/% (Accuracy.
BUF AC). JBE (Sensitivity, LAT SE). #HBAR¥ (Correlation coefficient, LA CC)
D4 OOFEEHNTIT>7=,

TP TP + TN
SP= AC=—77——
TP+ FP TP + FN + TN + FP
TP TP X TN — FP X FN

SE

T TP+FN ce= /(TP + FN)(TP + FP)(TN + FP)(TN + FN)

FRRE SP IZT— %ty MBI L8R NI VAR—X —BIBE1TD O 5, HBIOHT
TELHEShzEEER L, EE SE X, HBISIIcL>TE&R b7 v AR—%
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FEELLHB S EEE2RT,

(©2011 Information Processing Society of Japan



THHLB 2 e
IPSJ SIG Technical Report

4, HR-E=

TCDB 7> 58 U-HEREREEN D N T o AR — & — 5T 2 W T2 HIRI 4T OfE R %
F 3R T, ZORMBIEIERLHBEEDE NS T-HEOHBIERTH D, = DR
5. Bz, RUMEOEE R T v AR—F —#EET 69 10 5 6, HBISHIZ X > TIE
LKEBR NI VAR—F —BETICHEINTZOR4IETHDL Z LN D,

% 3 leave-one-out cross validation o 5

T HE
Metal Other
Transporter | Transporter
5 Metal 64 4
: Transporter
H oth
r

il ¢ 5 65

Transporter

Leave-one-out ZZZEMEIZ L > T, TP, TN, FP. FN & HE S Bl F OB N HHE
HiL7=SP, SE. AC, CC D#R%EE 4R 7, SPHENG, &B 7 AKR—4—69
D 94.2%DIBIE T BHBIATIC L V&R N7 Vv AR —F —#ET7+E LTELL &
BN enond, £/, SEELY, &R N7 VAR —F —8iafF EHES N
64 1Eh o> 92.8%DEMETFNIEL S HIESHIZZ ENGND, & 5T, CC DIEA 0.865
ThHhHT END, MBEBTEICROHEBERERE S 5 Z LR35l D, A7
BEDORIECHD ACTHL Y | 93.4%DHERTEE & T NUSND F T AKR—4 —#5
FIZIELHBIENTZ ER 05,

* 4 EEOREE

Metal Other E{E T
Transporter | Transporter HE
SP 0.942 0.927
SE 0.928 0.941
CcC 0.865
AC 0.934

Z OEEIROHBI AR & AV T, S.maltophilia K279a ¥k & S.maltophilia R551-3 £k ®
&E N T AR—F —EBTOREERAT-, S.maltophilia K279a £RIZBIL Tix, £
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ORF O 4,386 {hH1, 1,708 th3 &)@ T v AR —F —lrT & L CHBI &Nz, £7-,
1,708 B FIZ DWW CHERIGH A2 T 7o fE R, Ttransporter] & FUdk S 4L TV 5 BIE T4
58 4:, Ttransmembrane | & Fo&#k STV D IBIE T2 215 R & £ TV /=, S.maltophilia
R551-3 #iX. 4 ORF ™ 4039 {1, 1674 0348 b 7 2 AR — ¥ —i a1 LB &
v, Ttransporter] &FEH SAVTUV A H O 50 £, [transmembrane] &FRAF I TS
HLORBHEEN TN,
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