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RePD193 -CVSIAVTILLACIGILFGIISGSFAIIFDGVYALTDAA MTVVALLVTKLIS----KKLIEHFTMGFWHL EPIVLALNGILITGSAVYALVNAIGSILHG

EcYiiP -IAATAMASLLLLIKIFAWWYTGSVSILAALVDSLVDIG ASLTNLLVVRYSL----QPADDNHSFGHGKA ESLAALAQSMFISGSALFLFLTGIQHLISP

ReCH3072 ------LSLGVMGLKMVAWLVTGSVALLSDGLESTVNVV AAFIAFFVIRYAQ----KPADHDHPFGHHKA EYLSAVTEGVLIVVAALLIVNEAIGYLAAP
ReNepA ---SFVILAITAALQLVVVFYSGSVALLADTIHNVGDAA TAIPLWIAFSLVR----RAATKTFNYGLGRV EDYAGLIIVLIILFSALVAGYEAIDRLLNP

HsZnT5 IFYFLCLNLLFTFVELFYGVLTNSLGLISDGFHMLFDCS ALVMGLFAALMSR----WKATRIFSYGYGRI EILSGFINGLFLIVIAFFVFMESVARLIDP

ScZRC1 ---LLTLDTVFFLLEITIGYMSHSLALIADSFHMLNDII SLLVALWAVDVAK----NGPDAKYTYGWKRA EILGALINAVFLIALCFSIMIEALQRLIEP

AtMTP1 -CIAVVLCLVFMSVEVVGGIKANSLAILTDAAHLLSDVA AFAISLFSLWAAG----WEATPRQTYGFFRI EILGALVSIQLIWLLTGILVYEAIIRIVTE

WmDmeF --LVMWITLAMMIVEIAAGLVFNSMALLADGWHMSSHAL AIGLSAFAYAAAR----RSQDGRFSFGTWKI EVLAAFASAIFLLGVAGLMVFGSVERLFTP
ReCepA IWLVIGLTAVMMVAEIAAGTIYGSMALVADGWHMSTHAS ALLISALAYLFAR----KARNPRFTFGTGKL GDLAGFASAIILALIALLMAWESWLRLSNP

WmCzcD LKIALALTGTFLIAEVVGGVMTKSLALISDAAHMLTDTV ALAIALAAIAIAK----RPADKKRTFGYYRF EILAAAFNALLLFGVAIYILYEAYLRLKSP

EcZitB LLYAFGVTAGFMLVEVVGGFLSGSLALLADAGHMLTDTA ALLFALLAVQFSR----RPPTIRHTFGWLRL TTLAAFVNAIALVVITILIVWEAIERFRTP

RePD193 -GRP-----LNF----SQA--IVYAVVTLGVTATMGVIG DRANR--KIKSDFVALDTKAWLMSAG-LTIG LLVAFAIGYFIQGSSFIDPVALALICIVII

EcYiiP -TPM-----TDP----GVG--VIVTIVALICTIILVSFQ RWVVR--RTQSQAVRADMLHYQSDVM-MNGA ILLALGLS--WYGWHRADALFALGIGIYIL

ReCH3072 -RML-----DAP----VLG--LAINLAAGVINAVWARLL IRAGR--KHRSAALAADGQHIMSDVV-TSAG VLVGLLLAL-ATGYAIFDPVLAILVAINIL
ReNepA -QPI-----TQL----AAV--AIAGVVGFVGNEAVAVFR IRVGR--EMSSAALIADGYHARTDGL-TSLA VVLGALGV--WLGFPLADPIIGLLITLAIF

HsZnT5 -PEL-----DTH-----ML--TPVSVGGLIVNLIGICAF SHAHSHGGGMNANMRGVFLHVLADTL-GSIG VIVSTVLIE-QFGWFIADPLCSLFIAILIF

ScZRC1 -QEI-----QNP----RLV--LYVGVAGLISNVVGLFLF HDESKKPGHRSLNMHGVFLHVLGDAL-GNIG VIAAALFIWKTEYSWYSDPIVSLIITIIIF

AtMTP1 -SEV-----NG-----FLM--FLVAAFGLVVNIIMAVLL GHHGK--RKRNINLQGAYLHVLGDSI-QSVG VMIGGAIIWYNPEWKIVDLICTLAFSVIVL

WmDmeF -QPI-----HY-----QEA--MAITAIGLIVNLACALIL GGAHHGHRHHDINLRSAYLHVVADAA-TSVL AIVALAGGWW-LGWSWLDPVMGLVGAVLVG
ReCepA -VPI-----GF-----AQA--IAVAVIGLAVNLASAWLL AGGGH--HSGDNNIRAAYLHVVADAL-TSVL AIAALTLGSL-YGWLWLDPIMGIVGGLVIA

WmCzcD -PQI-----ES-----TGM--FVVAVLGLIINLISMRML SSGQ----SSSLNVKGAYLEVWSDLL-GSVG VIAGAIIIRF-TGWAWVDSAIAVLIGLWVL

EcZitB -RPV-----EG-----GMM--MAIAVAGLLANILSFWLL HHGS--E-EKNLNVRAAALHVLGDLL-GSVG AIIAALIIIW-TGWTPADPILSILVSLLVL

RePD193 PIPAGTVRRALADILLVTPLDLKQQ-VDAVAKTERHGFI SHRAYVARV-GRGRQIELHFVVSENLK--LQ EWDKIRDEIGLAIGNEGP---SRRLTIAFTTDPEW

EcYiiP YSALRMGYEAVQSLLDRALPDEERQEIIDIVTSWPGVSG AHDLRTRQS-GPTRFIQIHLEMEDSLP--LV QAHMVADQVEQAILRRFP---GSDVIIHQDPCSV-

ReCH3072 YQGWKVISQSISGLMDQAVEPQEEEAIKQAIATAAGSIG VHDLKTRRA-GTVTFIDFHMVVPGTMS--VR QAHDICDRLEDAIRAVHE---GAKIAIHVEPEGE-
ReNepA GIVWQSGRAVVTRSLDGV-EPWITDEIRHAAEHVRGIDE VVDVKARWL-GHKLFTDVVIAVDRSKN--VS EANAIASALRRELQGHLP--SLGNATIQFD-----

HsZnT5 LSVVPLIKDACQVLLLRLPPEYE-KELHIALEKIEGLIS YRDPHFWRHSASIVAGTIHIQVTSDVL---- -EQRIVQQVTGILKD--A--GVNNLTIQVE-----

ScZRC1 SSALPLSRRASRILLQATPSTISADQIQREILAVPGVIA VHDFHVWNLTESIYIASIHVQIDCAP----D KFMSSAKLIRK-IFHQH---GIHSATVQPEFVSG-

AtMTP1 GTTINMIRNILEVLMESTPREIDATKLEKGLLEMEEVVA VHELHIWAITVGKVLLACHVNIRPEAD--AD ---MVLNKVIDYIRREY---NISHVTIQIE-----

WmDmeF RWAIGLMRQSGTVLLDREMDHPVVEEVREVLAQGEDGTR VADLHVWRVGREKFACIASLVTHDASL--T- -----PQRVRHALSIHD---ELVHVSVEIN-----
ReCepA NWSWSLMKSSGGVLLDVVPKGETLADIREAIETEE--DR ITDLHVWQVGPGHHAAIVAVLA--------- -----------------------------------

WmCzcD PRTWILLKSSLNVLLEGVPDDVDLAEVEKQILATPGVKS FHDLHIWALTSGKASLTVHVVNDTAVN---- PEMEVLPELKQMLADKF---DITHVTIQFELAPCE

EcZitB RSAWRLLKDSVNELLEGAPVSLDIAELKRRMCRIPEVRN VHHVHVWMVG-EKPVMTLHVQVIPPHD--HD AL---LDQIQHYLMDHY---QIEHATIQMEYQPC-

 

Figure S1. Structural and functional key residues conserved in the CDF family (PF01545). 

Transmembrane domains (TM1-6), residues of metal binding sites A, B, and C (red, blue and 

green dots) respectively, as well as the interlocked (Lys
77

-Asp
207

)2 salt-bridges (black dots) were 

located by comparison with the reported structure of YiiP
5
. The consensus sequence region 

reported for the CDF protein family
9
 is black underlined (in TM2-3). The amino acid positions 

involved in protein function/activity as well as substrate selectivity (yellow highlighted) were 

located by comparison with previous works
 4,23,25,26,36,38

. The CDF conserved regions were 

obtained from the Pfam HMM-domain and aligned with ClustalO. This 11-sequences alignment 

is a sample of the alignment of 318 CDF sequences used to infer the phylogeny. 

Electronic Supplementary Material (ESI) for Metallomics
This journal is © The Royal Society of Chemistry 2013



A

b
s

D

b
s

T

b

I

b

H

e
f

N

e
f

V

b

G

b

D

b
s

A

b
s

A

b

T

e
f

A

b
s

A

b
s

D

e
f

G

b
s

Y

b

H

b
s

A

b
s

R

e
f

T

b

D

b
s

G

e
f

L

b

T

b

S

b
s

III

8
8

XI

VII

The conservation scale:

1 2 3 4 5 6 7 8 9
Variable Average Conserved

e  - An exposed residue according to the neural-network algorithm.

b  - A buried residue according to the neural-network algorithm.

f  - A predicted functional residue (highly conserved and exposed).

s  - A predicted structural residue (highly conserved and buried).

X  - Insufficient data - the calculation for this site was
     performed on less than 10% of the sequences.

TM2 TM5 

1
9
5

1
9
6

1
9
7

1
9
8

1
9
9

2
0
0

2
0
1

2
0
2

2
0
3

1
9
4

1
9
3

1
9

2

1
9
1

8
9

9
0

9
1

9
2

9
3

9
4

9
5

8
7

8
6

8
5

8
4

8
3

4
6

1
5
3

1
5
4

1
5
5

1
5
6

1
5
7

1
5
8

1
5
9

1
6
0

1
6

1

1
5
2

1
5
1

1
5
0

1
4
9

4
7

4
8

4
9

5
0

5
1

5
2

5
3

4
5

4
4

4
3

4
2

4
1

4
5
2

5
9
5

5
9
6

5
9
7

5
9
8

5
9
9

5
6
0

5
6
1

5
6
2

5
6
3

5
9
4

5
9
3

5
9
2

5
9
1

4
5
3

4
5
4

4
5
5

4
5
6

4
5
7

4
5
8

4
5
9

4
5
1

4
5
0

4
4
9

4
4
8

4
4
7

9
1

2
6
5

2
6

6

2
6

7

2
6

8

2
6

9
2

7
0

2
7
1

2
7
2

2
7
3

2
6
4

2
6

3

2
6
2

2
6
1

9
2

9
3

9
4

9
5

9
6

9
7

9
8

9
0

8
9

8
8

8
7

8
6

A

b

D

b
s

A

b

G

b

H

e
f

M

b

L

b

T

b

D

b
s

T

b

A

b

A

b

L

b

A

b

A

b

A

b

L

b

H

b

V

b

L

b

G

b

D

b
s

L

b

L

b

G

e
f

S

b
s

21-Zn
CDFs

5
4

1
5
9

1
6
0

1
6
1

1
6
2

1
6
3

1
6
4

1
6
5

1
6
6

1
6
7

1
5
8

1
5
7

1
5
6

1
5
5

5
5

5
6

5
7

5
8

5
9

6
0

6
1

5
3

5
2

5
1

5
0

4
9

A

b
s

A

b

L

b

V

b

D

e
f

S

b
s

L

b

V

b

D

e
f

I

b

G

b

A

b

S

b
s

V A

b

D

e
f

M

e

L

b

H

e
f

Y

b

Q

b

S

b

D

e
f

V

b

M

b

M

b

N

b
s

T

b

D

e
f

A

b
s

A

b

H

e
f

L

b

L

b

T

e

D

e
f

F

b

A

b

S

e

M

b

A

b

A

b
s

F

b

I

b

H

b
s

V

b

V

b

G

b

D

b
s

L

b

L

b

Q

e
f

S

b
s

S

b
s

D

b
s

A

b

C

b

H

e
f

M

b
s

L

b

F

b
s

D

b
s

C

b

A

b

A

b

L

b

A

b
s

D

b
s

S

b

F

b
s

H

e
f

M

b
s

L

b
s

N

e
f

D

b
s

I

b

I

b

S

b

L

b

G

b

V

b

F

b

L

b

H

b
s

V

b
s

L

b

G

b

D

b
s

A

b
s

L

b

G

e
f

N

e
f

4
2

2
3
8

2
3
9

2
4
0

2
4
1

2
4
2

2
4
3

2
4
4

2
4
5

2
4
6

2
3
7

2
3
6

2
3
5

2
3
4

4
3

4
4

4
5

4
6

4
7

4
8

4
9

4
1

4
0

3
9

3
8

3
7

X

G

b

I

b

F

b

L

b
s

H

b
s

V

b

L

b

A

b

D

e
f

T

b

M

b

G

e
f

S

b
s

 

Figure S2. Comparison of conserved residues carrying potential N- ligand donors present in CDF 

proteins of clade III (Ni
2+

/Co
2+

), Zn
2+

-transporting CDF (clades III, V, XI, VII,VIII) and 21 sole 

Zn-CDF proteins contained in the Table S1. The putative metal binding site A among the 

different groups is indicated by red arrows. The conserved and group specific Asn and Arg 

residues (black arrows) in group III proteins were present and functionally analyzed in NepA. 

Numbering corresponds to R. etli NepA, E. coli YiiP, A. thaliana AtMTP1, S.cerevisiae ZRC1 

and H. sapiens ZnT5 proteins from III, V, VII, X and XI clades, respectively. For the 21 sole Zn 

CDF proteins the numbering of E. coli ZitB was used. Logos were built using Consurf (see 

methods).  
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Figure S3. Group-specific His-rich stretches present in Co
2+

, Zn
2+

 and Ni
2+

 transporters grouped 

in clades XII (A), VII (B) and III (C), respectively. In HvMTP1
38

 or AtMTP1
40

 proteins of group 

VII middle His-rich tracts are required for proper protein function and substrate selectivity. The 

role of equivalent regions in group III and XII proteins is unknown. The number of His-residues 

over the complete stretch-length is shown in parenthesis. Characterized CDF proteins are shown 

in black bold. The red line indicates the position of the first residue (TM2) of the putative metal 

binding site A. 
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