SUPPLEMENTARY INFORMATION

Figure S1:
Irreversible pathways Reversible pathways
{ TPS/P \ ( \
fused TPSP single TPS+TPP TreY-TreZ TreT TreT TreS
-unidirectional- -bidirectional-
UDPG + G6P UDPG + G6P Maltodextrin UDPG + Glu NDPG + Glu Maltose
Trehalose--6- Trehalose--6- Maltooligosyl- Trehalose Trehalose
phosphate synthase phosphate trehalose glycosyltransferring synthase
synthase (TPS) synthase (TreY) synthase (TreT) (TreS)
Tre6P Maltooligosyltrehalose
Maltooligosyl-
trehalose
trehalohydrolase
(Trez)
v l l v v \ 4
Trehalose + P‘ Trehalose + P‘ Trehalose Trehalose + UDP Trehalose + NDP Trehalose
T. tenax, T. acidophilum S. acidocaldarius T. tenax T. litoralis, P. torridus
This study (rsn (41 (rin P. horikoshii (ra1)
([5,6])

Figure S1: Schematic illustration of the irreversibde (left) and reversible (right) trehalose
synthesis pathways in Archaea.

Pathway names are underlined. The educts, intermediates and products of each pathways and
the enzymes involved (highlighted in boxes) are shown. Examples of archaeal organisms
utilizing the respective pathways are given. Abbreviations: UDPG (uridine diphosphate-
glucose), G6P (glucose-6-phosphate), Glu (glucose), NDPG (nucleoside diphosphate
glucose), T6P (trehal ose-6-phosphate), P; (inorganic phosphate).
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Figure S2: Purification of the recombinant trehalo®-6-phosphate synthase/phophatase
(TPSP), the recombinant putative glycosyltransferas (GT) and of the atrtificial
trehalose-6-phosphate phosphatase (TPP) and the #itial trehalose-6-phosphate
synthase (TPS) domain of TPSP.

Coomassie stained 12.5 % SDS gel eectropherogram of the recombinant proteins after
heterologous expression in E. coli and purification by heat precipitation, ion exchange
chromatography (TPSP, TPP) or immobilized metal ion affinity chromatography (TPS, GT),
respectively, and gelfiltation. M: protein standard.



Figure S3

—o— without IPTG

—— PTG

—0O—300 mM KCl, IPTG
——300 mM NadCl, IPTG

time (h)

Figure S3: Effect of expression of the putative MS®f T. tenax on growing E. coli BL21
(DE3) pLys cultures

Growth of E. coli BL21(DE3) pLys (A) was inhibited after induction of T. tenax MSC
expression by adding IPTG (1 mM) at ODs;g ~0.6 (marked with an arrow). Growth was
partially rescued in media of high osmolarity containing either 300 mM KCI (o), 300 mM
NaCl (¢). Growth of non-induced BL21(DE3) pLys culture, harbouring pET24a-mscC-his (e)
served as control.
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Figure S4 Trehalose formation from UDPG (uridine dphosphate-glucose) and G6P
(glucose-6-phosphate) at 86°C by cell-free extractd T. tenax (50 pg of protein).

Reaction mixture incubation, substrate and product determination by thin layer
chromatography on silica plates were carried out as described in Material and Methods.
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Figure S5: Sequence alignment of fused TPSP as wall single domain TPS and TPP
proteins. Abbreviations and GeneBank accesson numbers: Thermoproteus tenax

(T_ten_ TPSP, (CCC81939), Cytophaga hutchinsonii (C_hut TPSP, ABG57690),
Saccharomyces cerevisiae (S cer TPS1 (AAT93166), S cer TPS2 (EDV08225),
S cer TSL1 (CAY81720) and S cer TPS3 (EEU06667)), Sclaginella lepidophylla

(S_lep_TPSP, AAD00829)), Escherichia coli (E_coli_TPS, AAC74966) and Thermoplasma



acidophilum (T_acid TPP, CAC12334). The alignment was constructed using Clustal W 1.83
(14) and manual refinement was done in the edit program of the MUST package (13). The
amino acid residues involved in binding of G6P (A) and UDPG (¢) in the TPS domains as
well as those contributing to the active site in TPP domains (e) as deduced from the crysta
structures of the E. coli TPS [7,8] and the T. acidophilum TPP [3] are indicated above the
sequences. The three conserved motifs present in the TPP enzymes and other proteins of the
HAD superfamily are shown in shaded boxes including the highly conserved motif residues
highlighted in red [3]. Sequence stops are indicated by asterisks and the respective positions
are given.
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Figure S6: Phylogenetic analysis of the TPS domaiof fused TPSP and single domain
TPS proteins with Bayesian inference

The same dataset as in Figure 5 was analyzed with Bayesian Inference using the program
PhyloBayes with the site-heterogeneous empirical profile mixture CATfixC20+I'4 model.
Posterior predictive (PP) values > 0.65 are given at interna branches. The following groups
were colored: unikonts (grey); red algae (brown), green plants (green); Archaea (red);
Bacteroidetes (blue); Delta-Proteobacteria (lemon); Deinococci-Thermus (orange) and Pan-
Crustacean (magenta). The scale bar indicates the mean number of inferred substitutions per
site.
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Figure S7a: Detailed ML phylogenetic analysis of th fused prokaryotic TPSP
sequences.

The phylogenetic tree was inferred by RAXML with a LG+F+I'4 model [9] of sequence
evolution based on 70 sequences and 467 positions. The tree was rooted with
deltaproteobacteria sequences (Myxococcales), which most likely represent an independent
TPS+TPP fusion event. Bootstrap (BS) values are only indicated at internal branches if they
are 30% or higher. The same color code is used as in Figure S6. The scale bar indicates the
mean number of inferred substitutions per site.
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Figure S7b: Detailed phylogenetic analysis of theuSed prokaryotic TPSP sequences

using Bayesian inference.

The same dataset as in Figure S7a was analyzed with Bayesian Inference using the program
PhyloBayes with the site-heterogeneous empirical profile mixture CATfixC60+I'4 model.
The same cut-off score and color coding was applied as in Figure S6. The scale bar indicates

the mean number of inferred substitutions per site.



Figure S8a

.

97— Beutenbergia cavernae_dsm12333@ACQ79057
Leifsonia xyli_ctcb07@AAT89159
Brachybacterium faecium_dsm4810@ACU85752
Nakamurella multipartita_dsm44233@ACV80003
Saccharopolyspora erythraea_nrrl2338@CAL99810
Dietzia cinnamea@EFV90265
Nakamurella multipartita_dsm44233@ACV81189
Thermomonospora curvata_dsm43183@ACY97534
Actinoplanes sp.@AEV84312
64 Salinispora arenicola_cns205@ABV99709
Corynebacterium bovis@ZP_08517025
97 Thermoplasma acidophilum@CAC12335
100 L— Thermoplasma volcanium@BAB60419
59 7_8|—— Picrophilus torridus_dsm9790@AAT43794
‘ Ferroplasma acidarmanus@ZzZP_00001675
Halanaerobium praevalens@ADO76254
_ﬂ| Halobacterium sp. @EHB59677

99
10—~
1 LI .
Mesorhizobium loti_ maff303099@BAB48232

1 100/~ Thermus thermophilus@AAQ16095
64 52 Meiothermus ruber_dsm1279@ADD29466
Thermaerobacter marianensis@ADU50669
96 Marinithermus hydrothermalis@AEB11500

42 ﬂ|—_l‘\’hodothermus marinus_dsm4252@ACY47874
Salinibacter ruber@CBH23581

97 100y Deinococcus geothermalis_dsm11300@ABF44362

——— Deinococcus deserti_vcd115@AC047162
100 Pelotomaculum thermopropionicum_si@BAF58741
Thermincola potens@ADG83509
Desulfotomaculum kuznetsovi@AEG14842
Desulforudis_audaxviator_mp104c@ACA60156
Moorella thermoacetica_atcc39073@ABC19680
Ammonifex degensii@ACX51798
36 68 Carboxydothermus hydrogenoformans_z2901@ABB15479
L Hydrogenivirga sp._1285r11@EDP76140

100

66

Thermovirga_lieni@AER66121

Aminomonas paucivorans@EFQ22993

Acidobacterium capsulatum_atcc51196 @ACO33164
Herpetosiphon aurantiacus@ABX05467

77

Parachlamydia acanthamoebae @EFB42364
Escherichia coli K12@AAC74966

Figure S8a: ML phylogenetic analysis focused on pkaryotic single TPS domain
sequences.

Due to their large number most of the non-fused prokaryotic TPS sequences were not
incorporated into the phylogenetic tree. The vast mgjority of these sequences are from
Bacteria, with only a few Archaea (red) rather randomly distributed suggesting that their
sequences originated in several independent HGT events with Bacteria. There are no TPS
sequences in Chlorobi, the sistergroup of Bacteroidetes, and also in other bacterial groups
including Thermotogales, Spriochaetes, Epsilon-Proteobacteria and Fusobacteria, no TPS
enzymes were identified. In other groups the number of species with TPS sequences is more
or less reduced, within cyanobacteria to about one third, within the Firmicutes, Bacilli are
devoid of them, and they are found in only twelve out of more than 200 Clostridia. In
contrast, Actinobacteria are found in two large clusters and there is even more than one



sequence in certain genomes. The phylogenetic tree was inferred by RAXML with a
LG+F+I'4 model of sequence evolution based on 54 sequences and 282 positions [9]. The
analysis shows the relationship between the only known non-fused single TPS domain
enzyme in Bacteroidetes, i.e. those of Rhodothermus and Salinibacter (blue), whose
phylogenetic position is basal as the sistergroup of all other Bacteroidetes, and the Thermales
as part of the Deinococcus-Thermus phylum (orange). The high BS value of 96% that unites
the two Bacteroidetes sequences with the Thermales argues together with the other facts
strongly in favor of an HGT event early in the evolution of the phylum Bacteroidetes. The tree
was also rooted with deltaproteobacterial sequences (Myxococcales). The cut-off score and
color coding is the same as used in Figure S6. The scale bar indicates the mean number of
inferred substitutions per site.
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Figure S8b: Phylogenetic analysis focused on prokgotic single TPS domain sequences
using Bayesian inference.

The same dataset as in Figure S8a was analyzed with Bayesian Inference using the program
PhyloBayes with the site-heterogeneous empirical profile mixture CATfixC40+I'4 model.
The same cut-off score and color coding was applied as in Figure S6. The scale bar indicates
the mean number of inferred substitutions per site.
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