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six novel xylanolytic Geobacillus strains
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Materials and Methods

TABLE 1 | Geobacillus genomes sequenced in this work.

MC52, MC61, YS93 1MC16 56T2 56T3
Source Obsidian hot spring WY, USA Grass compost WI, USA Double hot springs NV, USA Sandy's spring west NV, USA
Latitude 44376262 43.111566 41.051289 40.651893
Longitude -110.690383 -89.518892 -119.028790 -119.376659
Temperature 79°C 60°C 79.6°C 80°C
pH 6.7 unknown 8.0 74

Geobacillus strains were isolated from environmental samples
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Materials and Methods
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Results

TABLE 2 | Enzymatic activities of Geobacillus strains grown on various carbohydrate substrates.

Strain Pyruvate Xylose Glucose Arabinose Xo4 AGP

PRl £ AHE Tl A Buf A 4 NEERE - PR LR
EXTRACELLULAR ENZYMATIC ACTIVITY
Y593 xylanase wylanase n.d. xylanase xylanase xylanase
1MC16 xylanase wylanase n.d. xylanase xylanase n.d.
MC52 xylanase xylanase n.d. n.d. xylanase xylanase arahinase
MCE1 xylanase xylanase nd. n.d. xylanase xylanase arahinase
56T2 xylanase xylanase n.d. wylanase n.d. xylanase
56T3 xylanase xylanase n.d. n.d. n.d. n.d.
Y593 n.d. xylosidase n.d. xylosidase wylosidase xylosidase
1MC16 n.d. xylosidase n.d. n.d. n.d. n.d.
MCE1 arabinosidase xylosidase n.d. n.d. xylosidase arabinosidase
MC52 arabinosidase ®ylosidase n.d. n.d. xylosidase arabinosidase
56T2 n.d. »ylosidase n.d. n.d. n.d. n.d.
56T3 n.d. »ylosidase n.d. n.d. n.d. n.d.
Y593 r.d. xylosidase n.d. sylosidase xylosidase xylosidase

Geobacilius strains grown and assayed as described in Methods,
2X0, xylo-oligosaccharides.

BAG, arabinogalactan.

n.d. — none detected.

Enzymatic activities of Geobacillus strains grown on
various carbohydrate substrates.



Results

TABLE 3 | Geobacillus sequencing results.

Geobacillus species

Y593
1MC16
MC52
MCE1
5612
56T3

Genome size

3,993,793
3,545,187
3,673,940
3,667,901
3,545,044
3,650,813

Genome contigs

31

b ok etk sk

Plasmids

Lom TN Vo TR S

GC content

43.9
48.8
52.3
52.3
52.4
52.5

GenBank ID

NC_015660
ABYHO1000001-ABVHD1000031
NC_014915

NC_013411

MNA*

NC_014206

Geobacillus strains isolated and sequenced as deseribed in Methods. "Genome available at hitp://gp-next jgi-psf.org:1090/GeospC56T2/GeospCEET2. info.htmi.

Geobacillus sequencing results



_I- G. steareothermophilus ATCC12980T
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FIGURE 1 | The evolutionary history was
inferred by using the Maximum Likelihood
method based on the Tamura-Nei model
(Tamura and Nei, 1993). The tree with the
highest log likelihood (-3118.4467) is shown.
Initial tree(s) for the heuristic search were
obtained automatically by applying Neighbor-
Join and BioNJ algorithms to a matrix of
pairwise distances estimated using the
Maximum Composite Likelihood (MCL)
approach, and then selecting the topology with
superior log likelihood value. The tree is drawn
to scale, with branch lengths measured in the
number of substitutions per site. The analysis
involved 24 nucleotide sequences. All
positions containing gaps and missing data
were eliminated. There were a total of 1260
positions in the final dataset. Evolutionary
analyses were conducted in MEGAS (Tamura
et al., 2011). The type strains of all validly
described species are included (NCBI
accession numbers): G. caldoxylolyticus
ATCC700356T (AF067651), G.
galactosidasius CF1BT (AM408559), G.
jurassicus DS1T (FN428697), G. kaustophilus
NCIMB8547T (X60618), G. lituanicus N-3T
(AY044055), G. stearothermophilus R-35646T
(FN428694), G. subterraneus 34T (AF276306),
G. thermantarcticus DSM9572T (FR749957),
G. thermocatenulatus BGSC93A1T
(AY608935), G. thermodenitrificans R-35647T
(FN538993), G. thermoglucosidasius
BGSC95A1T (FN428685), G. thermoleovorans
DSM5366T (£26923), G. toebii BK-1T
(FN428690), G. uzenensis U T (AF276304),
and G. vulcani 3S-1T (AJ293805). The 16S
rRNA sequence of Paenibacillus lautus
JCM9073T (AB073188) was used to root the
tree.



TABLE 4 | Geobacillus sverage nuclectide identity (ANI) results,

Genome 2 ¥s03 1MC16 MC52 MCE1 56T2 S6T3
. caliawyiosiyficus CICS BB 75.96 7613 76.13 7582 75.87
. cabnupioelyficus NERC 107762 B166 76,48 7801 76.00 76.15 75.80
G. kausiophius GBls 7582 84.20 9660 86,61 BE.ET 56,65
. kausiophis HTAL2E 75.88 396 9673 26.73 BE.86 o684
G. kaustophius NBRC 102445 7591 84.21 96.44 56.44 B5.88 26,57
. 8p. AB 7583 B4.06 96.72 6,72 BS.62 S6.65
. . CS6-T2 75.40 B4.00 8532 B5.33 . oo B5.35
. &p. C56-T3 75.66 8378 88.33 98.33 BE.34 100.00
G. 8p. Y412MC52 7575 BATT 100.00 100.00 B5.30 88.32
. ap. Y412M0E1 7571 383 100.00 100.00 8536 88.32
G. 8p. CAMR1Z738 7557 8370 a7 o57.63 BE.12 87.28
. &p. CAMRS420 7507 B3 E.14 86,13 B5.38 06,30
G. sp. FWE3 7578 B4.06 96,69 56,70 B5.80 88.71
G. sp. GHHO 78.00 8385 9646 6,48 BE.44 B6.55
. sp. JFB 75.68 BE.60 B5.56 BA.55 B3.88 B5.42
. 5p. MAST 75.78 B4.03 96.50 56,00 BE.58 BE.87
G. sp. WCHTO BATS 75.48 7662 75.81 75.33 75.42
. sp. WSLUCF1 76.33 BAT7E 96.20 86,20 B5.28 86,31
. stearthermaphius 22 76.04 B4.25 8857 BA.ST B4.32 B3.53
G. stearothermaphius MUB3EZ1 B85 76.22 76.25 76.16 7533 76.21
. stearatharmanhius X1 7113 7023 BE.E1 60,80 G289 70,03
G. subleraneus PES2 7561 8355 BE.37 B5.08 8758 B5.37
. themmocarenulits GS-1 T5AT 8336 94,68 o4.68 B4.84 54,88
G. sp. G11MC18 7571 100,00 3BT B3.68 B4 B3.BZ
5. thermodeniificans DSM 465 7554 8041 BAEE ELES B37H BABS
. Mermodenifcans NGEO-2 7588 8948 8370 877 B398 Ba7a
5. thermogleosidasins C56-YSAS 100,00 7563 7576 75.77 75.41 75.65
G. Mermoglucositans Y1 9935 7553 7550 75.72 75.52 75.53
5. &p. Y4 1MC1 034 7572 7659 75.73 75.44 75.50
G. thermoglucosidasies GT20 99,35 75.56 7665 75.66 75.54 75.73
G. thermoglunosidasios M1DEXG 0.36 75.44 7653 75.54 75.20 75.48
G. thermoglucosidasies NBRC 107763 8936 75.80 76.72 75.72 7581 75.66
G. thermoteovorans B23 75.84 B4.08 9671 56,71 B5.53 o872
G. themnaleovorans CCE_US3_UFS 7574 B4.17 96.72 86,74 B5.68 56,65
G. vedcani PSS1 7547 B398 81.27 81.28 BB.T1 51.23

Strairs fomming a olade with ¥553 ame shown i bold and' highlighted!in pink, strains foming 2 chde with THC1ES ane shown in bold! and' hiphighted in blue, the clade fommed by T2MCS2,
12LACE 1, and 56T & shown in bold and ighlghted i yeliow; and 56T2 is highighted in gray
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FIGURE 2 | Diagram of major functional clusters found in the Urea, urease and urea utilization cluster, Inos, inositol-phosphate utilization
conserved regions; carbohydrate utilization clusters are shown in cluster; aMan, a-mannoside utilization cluster; GLen gluconate utilization
red, non-carbohydrate clusters in blue. Cob, cobalamin biosynthetic cluster; Mtl, mannitol utilization cluster. The gene sequence values for the
cluster, NOg, nitrate reductase cluster; Frue, fructose utilization cluster; corresponding genomes regions are (start-end): MC61,
Cell, cellobiose utilization cluster; NO23, nitrite reductase cluster; Xyn, 2635441-2855821; MCh2, 1775380-1995757: 5612, 1737107-1912324;
xylose and xylan utilization cluster; Ara, arabinose and arabinan utilization 56T3, 1646809-1858633; YS93, 2080803-2255158; 1MC16, contig
cluster, and ribose transporter cluster: Pep, peptide utilization cluster; ABVHO1000004 28446-229812.




Carbohydrate Clusters Found in
the ~ 200 Kb Region of the
Sequenced Geobacillus Strains
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Results

1MC16HEsfsBaftistes

TABLE 5 | 1MC16 Inositol-phosphate metabolic cluster.

Annotation Gene
Inositol 2-dehydrogenase, lolG 1528
Oxidoreductase domain protein, lolG 1530
ABC transporter-related protein 1531
ABC-type transport systems, permease 15632
ABC-type sugar transport system, periplasmic component 1533
Transcriptional regulator, Lacl family 15634
myo-Inositol 2-dehydrogenase, lolG 15635
Trinydroxycyclohexane-1,2-dione hydrolase, lolD 1536
Inosose dehydratase, lolE 1537
5-Deoxy-glucuronate isomerase, l0lB 1538
5-Dehydro-2-deoxygluconokinase, 1olC 1539
methylmalonate-semialdehyde dehydrogenase, 1olA 1540

Fructose 1,6-bisphosphate aldolase, lolJ 1541
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FIGURE 3 | Diagram of inositol utilization clusters. (A) Cluster found in 1MC16, G. thermodenttrificans DSM 465 and G. thermodenitrificans NG80-2. (B) Cluster
found in G. kaustophilus HTA426, Geobacillus subterraneus PSS2, G. thermoglucosidasius M10EXG, and G. thermocatenulatus GS-1.
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TABLE & | Arabinose and ribose metabolic cluster.

Annotation 1MC18 MC52 MCE1 56T2 56T3
1 Sugar ABC transpartar sugar-banding proden 1543 = = = 1614
2 Mulli-sernsar signal ransduction hestidins kinass 1544 - - - 1615
3 AraC family transcriptional regulator 1546 . - - 1616
4 ABC trarsportar substrata-binding protein 1547 - - - 1617
5 ABC trarepartar 1548 - - - 1618
G Inrar-membrang transocator 1545 - - - 1618
T GntR lamdy transcriptional raqulator 1550 1867 27av 1850 1620
g L-rnibulesa-5-phasphate 4-apemerase 1551 1866 2736 18E9 1621
g L-ribuleinass 1552 1865 2735 1888 1622
10 L-arabinoss somarass 1553 1864 2734 18ET 1623
11 Arabinopyranosidass - 1863 2733 - -
12 Intracellular enda-o-(1-5)-L-arabinanass - 1862 273z - -
13 Family 1 axtracallular soluta-binding pootein - 1861 27 - -
14 Binding-protein-depandent transportarns innar mambrans profen - 1860 2730 - -
15 Sugar ABC franspartar parmaase - 1855 2729 - -
16 Exracedular arabinanase - 1858 2728 - -
1F a-L-arabmoluranceadasa - 1857 2727 - -
1B Unknowen B8 aa. protein - 1856 2726 - -
19 Family 1 axtracallulas soluta-birnding prolen 1554 - - - 1624
20 Binding-pratein-depandent transportars innar mambrane profein 1555 - - - 1625
21 Sugar ABC trarepartar parmaass 1556 - - - 1626
2z a-M-arabinofuranosidase - - - 18B5 -
23 a-L-arabanolurancesdass 1587 1855 2725 1884 1627
24 Oxidoreduciassa Gomain-containing protein 1558 1854 2724 1883 1628
25 Aldose 1-epimerases 15659 1853 2723 1878 1629
26 HAD-superfamily Frydnolase 1559 1852 2722 18E1 16830
27 Glyceral-1-phosphate dehydrogenasa 1560 1851 721 1880 1631
2B p-L-arabinofuranosidase - 1850 2720 - -




Results

TABLE 7 | 56T3 Arabinose and arabinan metabolic cluster.

Annotation Gene
Transcriptional regulator, ArsR family 1352
Extracellular solute-binding protein family 1 1353

Binding-protein-dependent transport systems inner membrane component 1354

Binding-protein-dependent transport systems inner membrane component 1355

(GH43 Intracellular endo-w-(1-5)-L-arabinanase 1356
(GHZ2 a-L-arabinofuranosidase 1357
Oxidoreductase 1358
Galactokinase, GalK 1361
UDP-glucose 4-epimerase, GalE 1362
Gal-1-phosphate uridylyltransferase, GalT 1363

Transcriptional regulator, Lacl family 1364



TABLE 8 | Xylose and xylan metabolic cluster.

Annotation Y503 1MC16 MC52 MCE1 56T2 56T3
1 Integral membrane sensor signal traneduction histidine kinass 272 1564 1849 ara 1877 1634
2 Aral family trarscniptional regulstor 227 1585 1848 arnsg 1876 1635
3 Farmily 1 estracelular solute-binding protsin 2270 1566 1846 ame 1875 1638
4 Binding-protsin-dependent transportars inner membrans comgponant 2360 1567 1845 75 1874 1637
5 Binding-protsin-dependent transporters inner membrans comgponant 2268 1568 1844 2714 1873 1638
3 AIDOES 1-SpaTIErEse 2067 1560 Toaa 2713 = )
7 Polyeacchernide deacetylase 2065 1570 1842 anz - 1640
8 Hylan 1,4-bete-sylosidass 2065 1571 1841 arn 1872 1641
Endo-1,4-bets-wianass 2254 1572 1840 2710 1871 1642
10 Farmily 1 extracelular aplute-binding protsin 2062 1574 1830 270 1873 1643
1 Binding-protein-depeandent transporters inner membrans componant 251 1575 1838 2708 1874 1644
12 Binding-protein-depeandent transporters inner membrans componant 2360 1577 1857 arar 1875 1645
13 u-gﬁ.ﬂ:rmidaae 2259 1578 1836 2706 1870 1646
14 ¥ylan 1,4-beta-sylosidass 2088 1578 1835 2705 1869 1647
15 PfkBE doman-containing protein 2257 1580 1834 2704 - 1643
B 2-gehyoro-o-ceoxyphosphogiiConale asoese e THe Toos LG 107 Ty
17 GintR femily franscriptional regulator 2055 1582 1832 2oz 1866 1650
Oronale [Somerase ey Thea - - el |
19 hannonate dehydratzse 2053 1584 1828 2600 1864 1652
Short-chein dehydrogenase 252 1585 1829 2608 1863 1653
peey | THEE TEZT i - [t
22 Endo-1,4-beta-xdanass 2250 1587 1825 2605 1860 1655
23 Hypothetical protein 2247 1588 1823 203 18588 1656
24 G-D-5-L family ipolytic protein 1580 1822 20z 1857 1657
25 Aral family trarscnptional regulstor - 1856 1658
Integral membrane sensor signal transduction histidine kinase - 1855 1655
27 Family 1 extracelular splute-binding protsin - 1854 1660
28 Binding-protsin-dependent trarsparters inner membrans component - 1853 1661
29 ABC tremsporter permeass - 1852 1662
a0 Arabincfuranosidaseioaidase 1564 - 1851 -
31 Hyioae isomerass 2043 1565 1818 2688 1850 1664
az Hylulokinass 2842 1566 1817 2687 1849 1665
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Results
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TABLE 9 | ¢-1,4-linked Glucooligosaccharide metabolic cluster.

Annotation YS93 1MC16 MC52 MC61 56T2 56T3
a-amylase (cyclomaltodextrinase) - 0573 0632 1510 ora 2858
Extracellular solute-binding protein family 1 - 0572 0633 1511 0722 2857
Binding-protein-dependent transport systems inner membrane component - 0571 0634 1512 0723 2856
Binding-protein-dependent transport systems inner membrane component - 0570 0635 1513 0724 2855
Secreted a-amylase - 0569 0636 1514 0725 2854
Transcriptional requlator, Lacl family 0568 0637 1515 0726 2853
Secreted amylopullulanase - 3302 3272 2870 3189
Secreted a-amylase (AmyS) - 3303 3273 2871 3190




Results

I FEA LI AR
TABLE 10 | Galactose and galactoside metabolic cluster.
Annotation/corresponding gene YS93 1MC16 MC52 MC61 56T2 56T3
a-galactosidase 1518 2132 0528
Uncharacterized protein 15619 213 0529
f-galactosidase, GH42 - 2130 0530 2119 -
Extracellular solute-binding protein family 1 - 2129 0531 2118
Binding-protein-dependent transport systems inner membrane component - 2128 0632 2117
Binding-protein-dependent transport systems inner membrane component - 2127 0533 2116
f-galactosidase, GH2 - 1068 2126 05634 2115
Galactokinase, Galk 1620 1066 2124 0536 2113 1361
UDP-glucose 4-epimerase, GalE 1621 1065 2123 0537 2112 1362
Gal-1-phosphate uridylyltransferase, GalT 1622 1064 2122 0538 2111 1363
Transcriptional regulator, Lac! family 1623 1063 2121 0539 2110 1364




TABLE 11 | Summary of carbohydrate utilization capabilities.

¥S93 1MC16 MC52 MCé&1 56T2 56T3
Fructose PTS PTS PTS PTS PTS PTS
Arabinose ABC ABC ABC ABC ABC ABC
Xylose ABC ABC ABC ABC ABC ABC
Galactose ABC ABC ABC ABC ABC -
Gluconate PER PER PER PER PER PER
Inositol - PTS - - - -
Mannitol PTS PTS PTS PTS PTS PTS
Cellobiose PTS PTS PTS PTS PTS PTS
Sucrose PTS - P15 PTS - -
Lactose - - ABC ABC - -
Starch - ABC ABC ABC ABC ABC
a-Mannosides - ABC - - - -
Arabinan - - ABC ABC - -
Xylan ABC ABC ABC ABC ABC ABC
Panose/pullulan ABC ABC ABC ABC ABC ABC

Gene clusters for utiization of listed substrafes as described in text. ABC, three
component ABC transporter sysfem; PTS, three component phosphotransferase system;

FER, parmease system.
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