Organization of Geobacter Chemotaxis-like Genes
Tran, Krushkal, Antommattei, Lovley & Weis

Supplementary Figures and Table

Comparative Genomics of Geobacter Chemotaxis Genes Reveals Diverse Signaling
Functions

Hoa T. Tran, Julia Krushkal, Frances M. Antommattei, Derek R. Lovley
and Robert M. Weis

GURA2931
GMET1551
GSsu0a37 GSU1120 GURA2288

GURA1326
GMET1220 GMETO778 GSU1231
GSU1291
GSU1417 GMET1747
GSU2693
GURA19867,
2
7] o
("] oy
GURA4173 282 (,3%9 ©
nSs é'kg&.ﬂ\
GSU2535 GURA314, peg 0403 _ GURA2895
GURADO49 8 Fnna2d
| 2 sws,
GMET050 GSU22 TR . {fnaoz
- 4;'9437
.95‘;?;3}‘7 SU2756b
GMET3218 e
GSU326
GURAD29(Q
GURAO166 GMET2827
GURA2987
URA1372
GSU1B19
GMET32414 ; GSU1266 GMET1607
GSUD104 URAQ72
GSU3198
GSU2287, GMET3211 GMET2431
GURA1548 DS
GMET2789 SpolFBsub 6‘?;:'(’/‘;
6‘)‘97)
GURA3647
DevRMost
GURA2696
GSU0789 GSU3253
RA
GMETa1ACURADB54 GURAD959
GSU1415
GMET2926
GSU0596 GURAZT44
GURAZG49
GURA2710
GMET2914 01

S1



Organization of Geobacter Chemotaxis-like Genes
Tran, Krushkal, Antommattei, Lovley & Weis

Geobacter CheY Homologs

B

cheYs in che and fla clusters cheYs outside che and fla clusters
Species E. coli Branch  Other Branches E. coli Branch Other Branches
G. sul 417 3/7 0/15 18/18
G. met 4/10 6/10 0/15 11/11
G.ura 5/10 5/10 0/15 15/15

Figure S1. The Geobacter CheY-like Phylogenetic Tree (A) and the Homolog Distribution
within the Tree (B). (A) A neighbor-joining phylogenetic tree of the Geobacter CheY homologs
and selected CheY & CheY-like proteins from other species: E. coli (Ecoli), Bacillus subtilis
(Bsub), Salmonella enterica subsp. enterica serovar Typhi Ty2 (Styp), and Nostoc sp. strain
ATCC 29133 (Nost). (B) Geobacter CheY homolog distributions between the tree branch with
E. coli CheY and the rest of the phylogenetic tree. ~50% of the homologs situated on the
chromosome within the major che or flagellar gene clusters reside in the tree branch that contains
the E. coli and S. typh CheYs (marked by a black arc). No CheY homologs situated on the
chromosome outside che or flagellar gene clusters reside in the same branch with E. coli CheY.
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Figure S2. Domain architectures of MCPs in Geobacter sp. show diversity. Geobacter MCPs
are classified according to the periplasmic domain size, the length of the methyl-accepting (MA)
domain [1] and the presence of the PAS [2] (gmet2422, gurall9l, gura2989) or the GAF
domain [3] (gsul704, gmet1641).
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Table S1. Distribution of Geobacter MCPs by number of transmembrane segments & size
of periplasmic domains.

Number of Size of Periplasmic Domain MCP of Each Type (%)
Transmembrane Helices (amino acid residues) G.sul  G.met G.ura
2 Large (250 to 430) 3 0 4
Medium (150 to 200) 76 72 67
Small (< 100) 9 17 21
1 3 0 0
0 (Soluble) 9 11 8

Figure S3. Gene arrangement of E. coli-like clusters in Geobacter (A, C), with the percent
identity of the individual gene products to E. coli (B, D)

A. Typel gene arrangements

E. coli
EDOmD>EE > Cluster 1 G. metallireducens
B > Cluster 2 G. uraniireducens

B. Percent identities of the Geobacter Type 1 cluster proteins with E. coli. The MCP identities
were determined between the E. coli aspartate receptor cytoplasmic domain (c-Tar) and the
corresponding c-domains of Geobacter MCPs. For CheA, CheW, CheR and CheB the full
length gene products were used.

E. coli CheA CheW Tar Cyt. Domain CheR CheB
(c-Tar)
G. met (cluster 1) 47 63 53 50 62
G. ura (cluster 2) 46 60 53 48 60
Mean identities with remaining Geobacter homologs®
G. met 32+5(4) 27+5(98) 29 +6 (7) 29+5(5) 37+8(5)
G. ura 32+3(6) 27+4(6) 27+6(7) 32+4(7) 41+7(5)

®mean + standard deviation (number of homologs in the average); including Type 2 clusters.

C. Type 2 gene arrangements

I DI > Cluster 3 G. sulfurreducens
BDE B> DI D) Iyl ) mm») [ > I > Cluster 4 G. sulfurreducens

D> B[ > > ) Im) ) DEDE) >  Cluster 3 G. metallireducens
EOE D > D> e Cluster 4 G. uraniireducens
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D. Percent identities determined between the gene products of Type 2 clusters and E. coli
proteins (as described in S3 B). For CheW and CheY, the percent identities of both loci are
reported. For the MCPs, the mean and standard deviation of the identities are reported, and the
number of sequences used is in parentheses.

E. coli CheA CheW c-Tar® CheR CheB CheY
G. sul (clusters 3 & 4) 37 33£15(3) 35x3(7) 41 50 26, 37
G. met (cluster 3) 36 31 33+1(3) 38 50 23,37
15 (1)
G. ura (cluster 4) 35 29, 30 32+1(3) 37 50 25, 35
14 (1)
Mean identities with remaining Geobacter homologs”
G. sul 32+2(3) 27+7(6) 25 (1) 29+5 (3) 38(2) 29+3(4)
G. met 30£6(3) 27+4(5) 29+1(3) 26+7(4) 35+3(4) 29+5(5)
G. ura 32+4() 26+5(6) 27+2(3) 27+6(6) 37+3(4) 26+7(6)

®mean + standard deviation (number of homologs in average). One c-domain of lower identity,
as noted, was excluded from the average.
®mean + standard deviation (number of homologs in average); excluding Type 1 clusters.

Figure S4. Gene arrangement of the dif-like clusters in Geobacter species (A) and the
percent identity of the individual gene products in the cluster (B)

A. Gene arrangement

.DD... Dif M. xanthus
m Cluster 6 G. sulfurreducens
. .D... Cluster 1 G. uraniireducens

B. Percent identities of full-length gene products in the Geobacter dif-like clusters to M. xanthus
dif-homolog proteins. (The E. coli homologs are indicated in parentheses; c-DifA refers to the c-
domain of the M. xanthus MCP.)

M. Xanthus c-DifA DifB DifC DifD DifE DifG
(MCP) (CheW)  (CheY) (CheA) (CheC)
G. sul (clust. 6) 38 No homolog 18 54 43 33
G. ura (clust. 1) 38 No homolog 21 52 41 31
Mean identities with remaining Geobacter clusters®
G. sul 273 (7) 17+£2(6) 28+4(5) 28+4(3) Nohomolog
G. ura 23 £ 4 (5) 16+4(7) 24+£6(8) 28+4(6) Nohomolog

®mean + standard deviation (number of homologs in average).
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Figure S5. Gene arrangements in Geobacter clusters containing cheA/Y fusions compared to
other species whose functions have been identified (A), and the percent identities of cheA/Y
fusions (B)

A. Gene arrangement

I W M. xanthus Che4 (type IV pilus motility)
O I Im>iEE) [ ) M. xanthus Che3 (cell development gene regulation)
)W) ) R. centenum Cluster 1 (flagellar-based motility)
DOOEDEDT > R. centenum Cluster 3 (cyst cell development)
acomm M. xanthus Frz Cluster
DEODED>EDT > G. met Cluster 4
m G. ura Cluster 6
.D.D.DD P. aeruginosa Cluster 3 (biofilm formation)
.D... Synechocystis sp. Cluster 1 (type IV pili)
.D.. Synechocystis sp. Cluster 2 (typelV pili)

B. Percent identities between Geobacter CheAY fusions with fusions in other species.

Identity (%0)

Species and Cluster Protein Name Gura4l71 Gmet2710
M. xanthus Frz Cluster FrzE 33 28
P. aeruginosa Cluster 3 WspE 30 29

R. centenum Cluster 3 CheA3 30 32
Synechocystis Cluster 1 TaxAY1 30 27

R. centenum Cluster 1 CheAl 29 26

M. xanthus Cluster 3 CheA3 27 29
Synechocystis Cluster 2 TaxAY2 25 24
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Figure S6. Gene arrangement of other che clusters

Group a: che cluster conserved among Geobacteraceae
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DEpEC T >
DEpE >

Cluster 1 G. sulfurreducens

Cluster 7 G. metallireducens

Cluster 7 G. uraniireducens

Geobacter bemidjiensis Bem ctg130 G1:145621074-145621078

Geobacter lovleyi SZ GI1:118744374-118744378

Pelobacter propionicus DSM 2379 G1:118579313-118579317
Geobacter sp. FRC-32 G1:110601491-110601495

Percent identities of the full-length G. metallireducens and G. uraniireducens gene products
compared to G. sulfurreducens are shown below the metallireducens and uraniireducens clusters.
Clusters found in other Geobacteraceae are shown with the corresponding NCBI Gene Identifier
numbers or locus tags on the right.

Group B: che cluster conserved among delta-proteobacteria

CoREpC OBROU B 0N
CoBEp OBROC BT 0N

60 8 78 82 707279 65 83 70 7570

BN D EE

57 72 67 72 5662 604150 77 63 7273

BEOOBNO I DB
BDED OO E DN
BDE_ODDE
BDEDO) DUEC N
B
BDEOOOE >0l
BDEDOOC OB N

Numbers below each gene are percent identities of the full-length G. metallireducens and
G. uraniireducens gene products compared to G. sulfurreducens. The clusters found in other &
proteobacteria are shown with the corresponding NCBI Gene Identifier numbers or locus tags on
the right.

Cluster 5 G. sulfurreducens

Cluster 2 G. metallireducens

Cluster 5 G. uraniireducens

Geobacter sp. FRC-32 G1:110601296-110601308

Geobacter bemidjiensis Bem G1:145618206-145618195
Geobacter lovleyi SZ G1:118745579-118745586

Stigmatella aurantiaca DW4/3-1 STIAU 5413-5420

Anaeromyxobacter dehalogenans 2CP-C Adeh 2736- 2729

Plesiocystis pacifica SIR-1 G1:149920270-149920279

Myxococcus xanthus DK 1622 MXAN 4759-4751
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Figure S7. Chromosome locations of >* regulation elements in G. sulfurreducens upstream
of che and flagellar gene operons

A ),

GSU 0407 0408
flgB  flgC

s B Lo o o ol o

GSU 0420 0421 0422 0422.1 0423 0424 0425 0426
fliL  fliMm  fliN  fliN fliP fliQ fliR flhB

C aEae@aa@
GSU 2573 2574 2575 2576 2577 2578 2579 2580
cysE cheW mcp

D eeE@@E@E
GSU 3040 3041 3042 3043 3044 3045 3046
csrA  figL flgk figM  flgJ-like

aaaaaaEa
GSU 3050 3051 3052 3053 3054 3055 3056
flgA flgG-1 flgG-2 fliA k. flhA

N B Ao o o o o o 4

GSU 3195 3196 3197 3198 3199 3200 3201 3202
cheR mcp cheW cheY cheA cheC cheD

Fig. c>* sequence Score Position Operon Bases from
1" ATG

A CTGGTACGGCTTTTGCT 92  439442-439458 Gsu0407-0408 23
B CTGGCATTTCGGTTGCA 86  451031-451047 Gsu0420-0426 47
ATGGCACGGCCTGTGTA 81  773999-774015 Gsu0725-0726 26
C TTGGCATCCTGCCTGCT 81  2842557-2842541 Gsu2573-2580 48
TCGGCACGTAGGTTGCA 86  3311556-3311572 Gsu3017-3028 48
D TTGGCACATAACATGCT 86  3350142-3350126 Gsu3040-3046 48
E CTGGCACAACGGTTGCA 93  3359815-3359799  Gsu3050-3056 39
ACGGCACCGGCATTGCC 80  3462928-3462944  Gsu3156 (mcp) 115
F* ACGGAACACTTCTTGCT 81  3503117-3503133 Gsu3195-3202* 16

CTGGCAC-AN-TTTGCA/T (consensus)

*Gsu3195-3202 is G. sulfurreducens che gene cluster 6 (Figure 1).
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