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Abstract

Burkholderia multivoran€£1576 is a Gram negative opportunistic pathogesing serious
lung infection in cystic fibrosis patients. Conrsithg that bacteria naturally form biofilms, and
exopolysaccharides are recognized as importardr&fr biofilm architecture set-up,
multivoranswas grown both in biofilm and in non-biofilm mode two different media in order to
compare the exopolysaccharides biosynthesizedsettifferent experimental conditions. The
exopolysaccharides produced were purified and #tricture was determined resorting mainly to
NMR spectroscopy, ESI mass spectrometry and gasnatography coupled to mass spectrometry.
The experimental data showed that both in biofild aon-biofilm modeé. multivoransC1576
produced a novel exopolysaccharide having thevatg structure:

[3-a-D-Manp-(1 - 2)-a-D-Manp-(1 - 2)-a-D-Rha-(1 - 3)-0-D-Rhap-(1-]

3
OMe (50%)

About 50% of the 2-linked rhamnose residues arstgubed on C-3 with a methyl ether group.
The high percentage of deoxysugar Rha units, cdupitn OMe substitutions, suggest a possible
role for polymer domains with marked hydrophobiargcteristics able to create exopolysaccharide

junction zones favoring the stability of the biafilmatrix.
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1. Introduction

Burkholderia multivoranss a member of thBurkholderia cepaci&€Complex (BCC), a
group of at least 18 closely related species widdtributed in soil, water and the plant
rhizospheré. BCC bacteria often cause chronic respiratoryciiidas in patients with cystic
fibrosis (CF), sometimes leading to the “cepaciadsgme” characterised by necrotising pneumonia,
bacteraemia and sep$idn particularB. multivoransC1576, used in the present work, is a CF
clinical isolate. Members of the BCC produce asteseven different exopolysaccharides (Figure
S1 in Supplementary filé):° characterised by diverse repeating units: nedstirearged and
neutral, linear and branched, but all contain comisugars except fa-rhamnose and 3-deoxy~
manno-oct-2-ulosonic acid. Moreover, productiomolly-3-1,6-N-acetylglucosamine (PNAG)
polysaccharide in the biofilms of several BCC spgavas demonstrated using an immunoblot
assay for PNAG! thus adding the eighth polysaccharide, althougtptilymer itself has not yet
been isolated.

Exopolysaccharides have been recognised as virifaators and as important components
of biofilms, the natural and common mode of baetegiowth* In biofilms bacteria grow sticking
to each other and/or to a surface and are embeddeself-produced polymeric matrix containing
proteins, polysaccharides, DNA, and lipids, gergraamed extracellular polymeric substance
(EPS)" The matrix is highly hydrated, and water chanpelsnit the transport of nutrients to the
cells within the biofilm. Biofilms are dynamic stitures since bacteria can detach and migrate to
colonise other surfaces, suggesting remodellinth@imatrix by specific enzymes. Bacteria in the
form of biofilms cause many infections to humdrsand animals, and they are also a serious
concern in the industrial world whenever a watesdabprocess is involved (nautical shipping,
paper manufacturing, cooling systems, drinking wigeilities, health care, medical devices, and
food processing). Therefore, in order to bettanioithe natural way of growing, in the present
investigationB. multivoransC1576 was cultivated in biofilm mode, using a gemnineable

cellulose membrane as solid supp8rnd in non-biofilm mode on agar media. Two difer



growth media were used: Yeast Extract Mannitol (YYEMvhich induces the mucoid phenotype in
BCC species, and Miller Hinton (MH) which is larngeked in microbiological laboratories for
different bacterial assays. The biosynthesiseg@ysaccharides were purified and their structure
determined mainly by use of NMR spectroscopy, E&srspectrometry and GLC-MS. In order
not to confuse the abbreviation “EPS”, generallg@dd for “Extracellular Polymeric Substances”
when referring to biofilms, we have previously ppepd the use &POL to abbreviate

“exopolysaccharide(s)”.

2. Results and Discussion

2.1. Biofilm production by Burkholderia multivorans C1576 on semipermeable cellulose
membranes and exopolysaccharide purification

Burkholderia multivoran€1576 was grown in static biofilm mdddy seeding the bacteria
on a semipermeable cellulose membrane deposité@wndishes containing Muller Hinton (MH),
as culture medium. The growth did not look mucaielerthelesE POLs were purified from the
matrix using two differenExperimental protocol§see paragraph 4.2), which gave a different yield:
an average of 0.49 mg BPOL per plate whelExperimental protocol Was used, and an average

of 0.78 mg ofEPOL per plate wheikxperimental protocol lwas applied.

2.2. Composition analysis of the EPOL produced bBurkholderia multivorans C1576 in

biofilm on MH medium

Composition analysis as alditol acetate derivatreegaled Rha, 8&-methyl-Rha (Rha3Me)
and Man in the molar ratios 0.78 : 0.26 : 1.0,c¢ating that rhamnose and mannose are present in
equimolar amounts, with about 25% of rhamnose bgad-methyl group on C-3. Determination

of the absolute configuration established that nh@se and mannose had theonfiguration. The
4



position of the glycosidic linkages was determiatér derivatization of the sugar components to
partially methylated alditol acetates. Becausthefpresence of one methyl substituent in the
nativeEPOL, permethylation was performed using £LDGC analysis of the derivatives mixture
showed four components, which were identified by-K8E analysis as: 2-linked Rha, 3-linked Rha,
2-linked Man, and 3-linked Man; integration of ttespective peak areas gave equimolar amounts,
thus indicating a tetrasaccharide repeating ufite GC-MS analysis also confirmed the presence
of an endogenous methyl ether group on C-3 of thek2d Rha, whose mass spectrum together
with the fragmentation pattern are shown in Figurelherefore, from integration of the alditol
acetates chromatographic peaks, the 2-linked Rsaestamated to be about 50% 3-OMe

substituted.

2.3. NMR spectroscopy of the EPOL produced bgurkholderia multivorans C1576 in biofilm

on MH medium

TheEPOL produced by. multivoransC1576 was investigated Byt NMR spectroscopy
which showed (Figure 2a) three main resonancdseimhomeric region at 5.2&), 5.25 8) and
5.04 C, D) ppm, whose integration values were 1.0, 0.9 af@dr2spectively, indicating a
repeating unit constituted of four residues, ineagnent with the composition analysis. Two sharp
singlets at 3.49 and 3.45 ppm were indicative afhylesther substituents; integration of their peak
areas gave 1.79 and 0.27, respectively, indic&ii®¥g and 9% of methyl substitution per anomeric
proton. Therefore, the signal at 3.49 ppm wadbaitted to the 33-methyl group on the 2-linked
Rha; its higher integration value, with respedthi® figure from the composition analysis, is due to
overlapping with other resonances. On the contfanthe second resonance at 3.45 ppm it was
not possible to find a corresponding peak in tlgalacetates gas chromatogram, likely because of
its very low amount. The signal at 1.30 ppm caonéd the presence of 6-deoxy hexose residues;

however, its integration value of 12.0, relativddar anomeric protons, together with its broad
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shape suggested its overlapping with other pragsnmances, probably belonging to -@iH-CH;
groups. In fact, thEPOL was not completely soluble in water and, in agrestnwith this
observation, théH NMR spectrum showed also a wide band at 0.86 ppgether with other small
peaks in the regions 7.6 — 6.7 ppm (data not shawd)2.4 — 0.8 ppm of the spectrum, probably
belonging to proteins and/or lipids. Thereforestitoroacetic acid was used for protein precipitatio
and chloroform extraction for lipids removal (seeagraph 4.2); these additional purification steps
rendered the sample completely water solubléHtSIMR spectrum is shown in Figure 2b:
integration of the signal at 1.30 ppm, gave a valug.40, close to the expected one of 6.0 for two
Rha residues, thus confirming the success of théiqation applied. This sample was then used
for recording all 2D NMR experiments. A second péof biofilm was purified as reported by
Bales et al'® (Experimental protocol )t the obtainedEPOL eluted as a single symmetrical peak
on a Sephacryl S-400 chromatographic column, anwdstestimated to have a MM of about 200
KDa, using a set of dextrans of known MM as stagslardowever, this is a rough evaluation since
the difference in type of glycosidic linkages amanposition between the C15EPOL and

dextran suggests an important difference in theddyghamic volumes of the two polysaccharides,
with a high probability of overestimating the MM 6f.576EPOL. This sample hatH NMR
spectrum and COSY plot identical to the previousa (data not shown) and no further NMR
spectra were recorded, but it was used for cheraallysis.

The COSY plot (Figure 3) revealed two H-2 connetiés for each H-1 resonance at 5.27
ppm @A) and 5.25 ppmR), thus indicating the overlapping of two anomesignals, which were
labelledA’ (5.25 ppm) and’ (5.29 ppm); the plot also confirmed two differgpin systems
having the same H-1 resonance at 5.04 ppnD{. The presence of more than four H-1's was
attributed to the 509%9-methyl substitution of the 2-linked Rha which oduced an important
degree of heterogeneity in the chemical shiftefrieighbouring residues. The anomeric

configuration of all sugar residues was assigméased on values & ¢c1 11 coupling constants for

anomeric protons’ The complete assignment of the proton chemidéissior each spin system
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derived from the COSY and TOCSY experiments. ThefQILSY experiment, with a selective
excitation of the band at 4.15, belonging to H-2esidue<C andD, identified the sequence from
H-2 to H-4 of the two spin systems. From the HSE (Figure 4) the respectiVéC signals
(Table 1) were obtained. Each spin system wasdttabuted to the respective sugar residue
(Table 1). The glycosylated carbon atoms wereattarised by a significantly deshielded
chemical shift value, with respect to the non-sitiltetd ones’ The existence of two spin systems
for the 2-linked ManB andB’, suggested its proximity with the 2-linked Rha3(¢ and the 2-
linked Rha A’), respectively. Moreover, bothi and**C chemical shifts for the atoms 1, 2 and 3
of 3-linked Rha ) and 3-linked Man@)) overlapped, due to their very close chemical Isirty

and electronic environment. The NOESY plot shoa@dntact between the methyl protons at 3.49
ppm and the H-3 of the 2-linked Rha at 3.66 ppnt $hown), thus confirming that the methyl
substitution was on C-3 of this residue. Imporiatdr-residues NOE contacts were also detected
(Figure 5):Al (5.27 ppm) taC3 or D3 (3.89 ppm)B’1 (5.29 ppm) tA’2 (4.10 ppm)B1 (5.24
ppm) toA2 (4.33 ppm)A’'l (5.24 ppm) taC3 or D3 (3.89 ppm)LC1 or D1 (5.04 ppm) tdB2 (4.07
ppm);C1 orD1 (5.04 ppm) td3 or C3 (3.89 ppm). Because of the partial chemical shift
overlapping for residueS andD, the inter-residue NOE contacts led to two posssigiquences for

theEPOL produced byB. multivoransC1576:

Sequence 1: B31-2B1-2A1-3Cl- - 3Manl- 2Manl- 2Rhal- 3Rhal-

Sequence 2: G1-2B1-2A1-3D1- - 3Rhal- 2Manl- 2Rhal- 3Manl-

The CASPER computer prograhiwas used to assess which of the two proposed seegsie
is the one present in CI5E®OL. *°C and'H resonances deduced from the HSQC plot of the
repeating unit with no methyl substituent, togethih four'Jc1 141 values > 169 Hz, the absolute
configuration and the glycosidic linkages were siitad to the ‘determine structure’ module of the

CASPER program. The calculation gave a list ofdiebest possible structures, with the highest
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ranked §re =1.00) corresponding to above depicted SequenEglire S2 in Supplementary file).
Moreover, the chemical shifts assignment of eachoprand carbon atoms perfectly matched the
assignments presented in Table 1 (see SupplemdidtdryThe same approach was used for the
repeating unit with the 2-Rha3Me, and the CASPERy@m showed ten best structures, with the
highest rankeddgg =1.00) corresponding to the Sequence 2; and tlendduest structure
(6rer=1.01) to Sequence 1 (Figure S3 in Supplementka)y fin this case, no output with
“Calculated chemical shifts” and “Assigned expenmta¢ chemical shifts”, as for the non-
methylated repeating unit, was obtained; this abpbly due to the lack of enough NMR data for
methyl substituted residues in the program itsAlthough thedgg, difference between the two
structures is very small, in order to undoubteditablish the sequence in the repeating unit of the

C1576 rhamno-mannan, the polysaccharide was sedjézta partial acid hydrolysis.

2.4. Structure of the oligosaccharides obtained byartial hydrolysis of the C1576 rhamno-

mannan

Taking advantage of the more labile glycosidic #igk engaged by rhamnose residies,
multivoransC1576EPOL was hydrolyzed for two hours at 80°C with 0.5 MATRAfter removing
the acid by rotoevaporation, the sample was exahgeESI-MS; the recorded spectra showed
ions at 657.1 u and 511.2 u corresponding to tdeisoadducts of tetrasaccharides, composed of
two rhamnose and two mannose residues, and trisadeb, containing two mannose and one
rhamnose residues (data not shown). Moreovetgethesaccharide and trisaccharide having
Rha3Me were also revealed as sodium adducts &2 @ntl. 525.2 u, respectively. The mixture was
then reduced with NaBand perdeuteriomethylated, prior to ESI-MS analyShe MS spectrum
showed the expected sodium adducts for the twocestperdeuteriomethylated tetrasaccharides
(878.7 and 881.7 u, with and without the natd#nethyl-Rha, respectively) and the two reduced

perdeuteriomethylated trisaccharides (698.5 and67@1with and without the nativ@-methyl-Rha,
8



respectively) (Table 2). Moreover, KI6f each parent ion gave very useful sequencerirdtion

and the assignment of the fragment ions is repontd@ble 2. From these data, the sequence of the
trisaccharides and tetrasaccharides resulted tae:Man-Rha3Me-ol, Man-Man-Rha-ol, Man-
Man-Rha3Me-Rha-ol, and Man-Man-Rha-Rha-ol. Thetaneof perdeuteriomethylated
oligosaccharides was then hydrolysed with 2 M Tredluced with NaBiland peracetylated.
Separation of the partially methylated alditol ate$ by GC on an HP-1 column gave the following
derivatives: t-Rha, 2-Rha, 3-Rha, t-Man, 2-Man, a@rdan in the molar ratios 0.11 : 1.00 : 0.05 :
0.26 : 1.21 : 0.14. The presence of almost equinasteounts of 2-Rha and 2-Man, together with
the data from ESI-MS showed that the structurdeftétrasaccharide is

Manl- 2Manl- 2Rhal- Rha-ol, thus compatible with the repeating unitcdégd as Sequence 1.
The expected 1,3,4 6-deuteriomethyl-29-acetyl rhamnitol and 1,2,4 B-deuteriomethyl-30-

acetyl rhamnitol compounds, arising from reductibthe reducing end, were not detected,
probably because of their higher volatility andilip The lower than expected amount of t-Man
detected, together with very small amounts of 3-Rin 3-Man, are likely due to the presence of
oligosaccharides larger than tri- and tetrasacdbaribut always bearing Man at the non-reducing
terminus and Rha and the reducing one, as cangeztex from the partial acid hydrolysis on this
EPOL. Moreover, the small quantity of t-Rha might be do low amounts of oligosaccharides

having this residue as the non-reducing terminus.

2.5.1. EPOLs produced in non-biofilm mode on MH meidim

In order to compare the exopolysaccharides produrcbibfilm with those biosynthesized in
non-biofilm modeB. multivoransC1576 was also seeded directly on MH agar pl#te&POL
was purified using thExperimental protocol, land analyzed b{H NMR spectroscopy. The
spectrum obtained (Figure S4 in the supplementfias very similar to that of the rhamno-

mannan produced in biofilm mode, including bothmyesinglets at 3.49 and 3.45 ppm; also in this
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case resonances attributable to protons of-#td —CH groups were detected, indicating the

presence of lipids and/or proteins.

2.5.2. EPOLs produced in biofilm and non-biofilm male on Yeast Extract Mannitol medium

B. multivoransgC1576 was also grown with and without interpositid a semipermeable
cellulose membrane on Yeast Extract Mannitol seletium which is known to induce the mucoid
phenotype. In fact, in both set ups the bactewayced abundant mucoid material, indicating the
presence of polysaccharides. After purificatiorcbytrifugation and dialysig€kperimental
protocol I), *H NMR spectroscopy of the solutions of the purifiedcromolecules (see Figure S5 in
Supplementary file) revealed the presence of alws cepacian, when the cellulose membrane
was used, and of a mixture of cepacian and the mbamannan when growth was developed
directly on agar, as already found in a preliminamestigatior?> In the latter case, the anomeric
region of the'H-NMR spectrum revealed resonances clearly belgngircepacightogether with
signals at 5.27, 5.24 and 5.04 ppm, attributetteéarhamno-mannan. Two signals were found at
1.30 and 1.24 ppm, the former belonging to rhamhkb&és of the rhamno-mannan and the latter
assigned to the rhamnose in cepacian, further rwoimiy the presence of the t&POL's.

Integration of the area of these rhamnose H-6'snasces gave almost identical values (1.12 and
1.00) indicating that for every rhamno-mannan répgaunit there were roughly two cepacian
repeating units. In the case of YEM medium, no maesaes other than those belonging to the

polysaccharides were detected.

3. Conclusion
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When grown in biofilm as well as non-biofilm modg, multivoransgC1576 produced a novel

EPOL, having the following primary structure:
[3-0-D-Manp-(1 - 2)-0-D-Manp-(1 - 2)-a-D-Rhgp-(1 - 3)-0-D-Rhgp-(1 - |
?)Me (50%)
Besides the 50% methyl substitution on C-3 of 2;Riha’H NMR spectrum also showed another
singlet indicative of a further methyl group, altigh its location on the polysaccharide could not be
established due to its low abundance. As in capddche EPOL produced by the majority of BCC
isolates and associated to the mucoid phenotypeghimnose residues are in thabsolute
configuration, while most often such monosacchapolesesses theabsolute configuration. Itis
interesting to point out th&. multivoransC1576 exhibits two differer® chaind* which contain
D-Rha and-Rha3Me (Acofriose, Aco) in their repeating unitelahare similarities with the
rhamno-mannan of the present investigation:
[2)-a-D-Manp-(1 - 2)-a-D-Rhagp-(1 - 3)-a-D-Manp-(1-], and
[2)-a-D-Manp-(1 - 2)-a-D-Acop-(1 - 3)-0-D-Rhap-(1 - ]n.

Two Experimental protocolsvere used to purify the exopolysaccharides froenbiiofilm
matrix: the first one, based mainly on physical mels, demonstrated that tiBOLs are not
covalently linked to the bacteria membranes ortbh@iomolecules. Application of the second
protocol, and in particular solubilization of theenomolecular matrix components with NaOH,
resulted in a higher polysaccharide recovery.

Bacteria of théBurkholderiagenus are not the only one possesshitha in their
polysaccharides, since human, animal and planebatpathogens insert such residue in teir
polysaccharides. Some example incl@dpolysaccharides frolseudomonas aeruging$a
Helicobacter pylorf® Pantoea agglomerarstrain FL1%" the serogroup Azospirilla?®*° and
Xanthomonas campestips. phaseoli fuscar® Xanthomonas campestps. Malvacearuni®
Mesorhizobium lotandM. amorpha€*andCampylobacter fetdécontain also a methyl ether

substituent in non-stoichiometric amounts on thmed D-Rha. The lack of the primary alcohol
11



function on C-6 of Rha together with the preserfca methyl substituent confers to the C1576
rhamno-mannan a hydrophobic character, thus exptathe difficulties encountered during the
purification process and the necessity to use &a&ion with organic solvent to remove protein
and/or lipid aggregates. The presence of hydrophddmains along the saccharidic chain is well
known even in non-deoxy-sugar poly- and oligosakddea, as documented by the inner cavities of
amylose helices or of cyclodextrins which can carpiydrophobic species like aromatic
compunds. The occurrence of Rha residues in trestigatedEPOL surely emphasizes the
hydrophobic character and the co-presence of hyroand hydrophobic chain segments might
favor interactions of the C1576 rhamno-mannan wilier macromolecules, probably essential for
the formation and maintenance of the biofilm ma#nghitecture. As a matter of fact, the biofilm
developed using MH medium was more adherent toc¢helose membrane than that one formed
on YEM medium, where only cepacian is present andhwvas also slimy and easily removed.
The two growth media used in the present investiggoromoted the biosynthesis of
differentEPOLs: on MH agar the bacteria produced always the CIb&ino-mannan,
independently from the presence of the solid suppdrile YEM agar promoted the production of
cepacian either alone, when the cellulose membnaees used, or in mixture with the rhamno-
mannan, in the absence of the solid support. Ttvexen the case of YEM medium the use of the
cellulose support influenced the typeE?OLs produced. These findings suggest to use caution i
assuming that bacteria produce the s&ROL independently from the growth conditions, prior to

an experimental evaluation, at least for BCC specie

4. Experimental

4.1 Bacterial growth on agar plates

Burkholderia multivoran€£1576 (LMG 16660) is a reference strain from thegbaf

Burkholderia cepaci€Complex strair and it was purchased from BCCM™ bacteria collectio
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Bacteria were grown for 16 h in 5 mL of either MHYEM broth. After 100x dilution, aliquots of
100puL were spread on YEM (20 g mannitol, 2 g yeastaetirls g agar per liter) or MH medium
agar plates and incubated at 30 °C for 4 days.c€le were collected with a 0.9 % NaCl solution
and after addition of sodium azide (Sigma) werelgestirred at 4 °C for about 2 h. The bacterial
cells suspension was centrifuged at 280009 for B0atr¥t °C. The supernatant was precipitated in
4 volumes of cold isopropyl alcohol, dissolved istidled water, dialyzed first against 0.1 M NacCl,
and then against distilled water. After neutraligand filtering the polysaccharide solution, the
absence of proteins and nucleic acids was verifiedV spectroscopy. When needed, samples
were dissolved in 2-amino-2-hydroxymethyl-propan@-diol hydrochloride (Tris-HCI) buffer 0.05
M, pH 7.5 and proteas&i{reptomyces griseuwas added to eliminate proteins; they were padifi
again by dialysis, neutralized, filtered and recedeby lyophilization. Th&POLs were stored at

4 °C.

4.2 Biofilm production on cellulose membranes andx®polysaccharide purification

Colony biofilms were grown on cellulose membrafiéSigma, cut-off 12.400 Da) which
were prepared as follows: they were cut in cirtbeshatch the Petri dish, washed first in boiling 5%
NaCOs; and then in boiling distilled water for 15 mintaclaved and placed over Petri dishes,
containing YEM or MH medium. Membranes coveredwlimle plate and excess of water was let
to dry under the hood. An overnight liquid cultufebacteria was diluted to 0.013 OD at 600 nm
(about 1x18 CFU/mL) and 1QuL of the diluted suspension were placed onto thmbranes and
incubated for 7 days at 30 °C. The liquid mediwsadifor the overnight culture was the same of
the seeded Petri dish. For exopolysaccharide$igation two different protocols were used.
Experimental protocol Ithe material on the membranes was recoveredorld mL of 0.9% NacCl,
centrifuged at 3000g at 4 °C for 20 min, and fipéiltered sterilized (Millipore membranes 0.22

um). When YEM medium was used, separation of this eeds achieved by centrifuging at 28000g
13



at 4 °C for 30 min, due to the high viscosity of golution. The supernatants were then dialyzed
first against 0.1 M NaCl, and then against didiNeater, neutralized and filtered sterilized
(Millipore membranes 0.22m). The absence of proteins and nucleic acidsweaied by UV
spectroscopy. When needed, the samples weredredteprotease, as described in paragraph 4.1,
and recovered by freeze-drying. The samplERPOL obtained from MH medium was treated with
20% final concentration of trichloroacetic acid amhtrifuged at 150009 for 30 min at 4°C to
remove the precipitated proteins. The polysacdeamoiety was then precipitated from the
solution with 4 volumes of isopropyl alcohol, inaied at -20 °C for 20 h and separated by
centrifugation at 3000g for 30 min at 4 °C. Figathe precipitated material was dissolved in 2 mL
of distilled water, and repeatedly extracted witn2 of CHCL in order to remove the hydrophobic
compounds. The aqueous phase was then recovefezebg-drying.Experimental protocol Il
another batch of the exopolysaccharide obtained fvtH medium was purified according to the
procedure reported by Bales et&lThe main differences witBxperimental protocol is the use of

polyoxymethylene to fix the cells and of NaOH tdtbedissolve the matrix components.

4.3 General procedures

Chemicals and enzymes used were supplied by Signaytical GLC was performed on a
Perkin—Elmer Autosystem XL gas chromatograph eqdppith a flame ionisation detector and
using He as carrier gas. An SP2330 capillary calg&upelco, 30 m) was used to separate the
alditol acetates derivatives, by applying the terapee program 200-245 °C at 4 °C/min. An HP1
(Hewlett Packard, 30 m) capillary column was usesdparate partially methylated alditol acetates
using the temperature program 150-245 °C at 2 C/mhe same column was also used to
separate a mixture of trimethylsilylated (+)-2-dwglycosides, for the determination of the absolute
configuration of the sugar residdéssing the temperature program: 135—240 °C at thiC/

GLC-MS analyses were carried out on an Agilent fietdgies 7890A gas chromatograph coupled
14



to an Agilent Technologies 5975C VL MSD. NativelgerdeuteriomethylatdfPOLs and
oligosaccharides were hydrolyzed with 2 M trifluacetic acid (TFA) for 1 h at 125 °C. Alditol
acetates were prepared as already descithelbile perdeuteriomethylation of tfPOLs was
achieved following the protocol by Harfi$.Integration values of the areas of the partially

methylated alditol acetates were corrected by teetive carbon response factdfs.

4.4 Partial hydrolysis and derivatization of the poducts

TheEPOL C1576 (1 mg) was hydrolyzed with 1 mL of 0.5 M TBA80°C for 1 and 2 h.
The acid was then removed by evaporation undercegtipressure and then the samples were
analysed by ESI-MS which showed that tetrasaccesiaahd trisaccharides were best produced
after 2 hours of reaction. Oligosaccharides wedeced in agueous NaB[the reaction was
stopped with 50% aqueous acetic acid, and the sawgd taken to dryness under reduced pressure.
Addition of 10% acetic acid in methanol was follaey rotoevaporation of the sample for three
times; addition of methanol and rotoevaporationenrepeated again three times. The sample was
then dried under Nand perdeuteriomethylatédin order to distinguish the endogenous methyl

group of 2-linked Rha3Me.

4.5 NMR experiments

The EPOLSs obtained from YEM medium were dissolved in distllilwater (1 g/L) and
sonicated using a Branson sonifier equipped witlicotip at 2.8 A, in order to decrease their
molecular mass. Samples were cooled in an icedratlsonicated using 5 bursts of 1 min each,
separated by 1 min intervals. [@eacetylation of cepacian was achieved by treatwithta 10
mM solution of NaOH for 5 h at room temperature emish; de-O-acetylation of the mixture of

EPOLs obtained on YEM was performed directly in the NMRe by adding 15 pL of a 40%
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solution of NaOD and incubating at room temperatarel h before recording the NMR
spectrund?

All samples were subsequently exchanged three tmtb99.9% DO by lyophilization
and finally dissolved in 0.7 mL 99.96%0. Spectra were recorded on a 500 MHz VARIAN
spectrometer operating at 50 °C. 1D TOCSY wererdid at 50 °C using 250 ms of spin-lock
time. 2D experiments were performed using stand&®RIAN pulse sequences and pulsed field
gradients for coherence selection when appropt#s&€)C spectra were recorded using 140 Hz one
bond Jxh constant. TOCSY spectra were acquireayd€) ms spin-lock time and 1.2 s relaxation
time. NOESY experiments were recorded with 200 msnm time and 1.5 s relaxation time.
Chemical shifts are expressed in ppm using acetsiieternal reference (2.225 ppm forand

31.07 ppm for*C ). NMR spectra were processesing MestreNova software.

4.6 ESI mass spectrometry

ESI mass spectra were recorded on a Bruker Es4d@@ ion trap mass spectrometer
connected to a syringe pump for the injection efghmples. The instrument was calibrated using a
tune mixture provided by Bruker. Underivatizedyobaccharides were dissolved in 50% aqueous
methanol-11 mM NEDACc, while perdeuteriomethylated oligosaccharidesendissolved ina 1:1
mixture of CHC} and CHOH, 11 mM NHOAc. Samples were injected at 180h. Detection

was always performed in the positive ion mode.
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Table 1
'H and™®C chemical shift assignments of the rhamno-mannaduzed byBurkholderia

multivoransC1576

Residué Nucleus Chemical shifts (ppm)®
1 2 3 4 5 6
A [174.30] H 527 | 4.33 | 3.66 3.52 3.86 1.30
—2)-a-D-RhasMe-(I-> | 13 | 10140| 74.97 | 80.37 | 72.09| 70.08] 17.36
A’ [174.87] H 525 | 4.10 | 3.95 3.49 3.85 1.30
—2)-0-D-Rha-(1— ¥c | 101.32| 79.14 | 70.81 | 73.03| 70.08 17.36
B [174.87] H 525 | 4.07 | 3.94 3.74 3.67 | 3.78/3.85
—2)-a-D-Man-(1— ¥c | 101.32| 79.14| 70.81 | 67.70| 74.11 61.68
B’ [174.30] H 529 | 4.13 | 3.96 3.75 3.68 | 3.78/3.85
—2)-a-D-Man-(1— ¥c | 101.40| 79.04 | 70.81 | 67.70| 74.11 61.68
C[173.16] H 504 | 4.15 | 3.89 3.57 3.86 1.30
—3)-0-D-Rha-(1— ¥%c | 102.71| 70.60 | 79.09 | 72.20| 70.08 17.36
D [173.16] H 504 | 4.15 | 3.89 3.78 3.78 | 3.78/3.85
—3)-a-D-Man-(1— ¥c | 102.71| 70.60 | 79.09 | 66.87| 74.11 61.68

2B andB’: 2-linked Man in the methylated and non-methylatkating units, respectivefyt ¢ 11 in
square brackets.
P Chemical shifts are given relative to internaltane (2.225 ppm folH and 31.07 ppm fal*C).
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Table 2: Assignment of ions generated upon fragatiemt (MS) of NaBD;, reduced and

perdeuteriomethylated oligosaccharides.

Parent ions (u) MS? ions (u) Sequenck lons type’
(Composition)
881.7 664.5 Man-Man-Rha-OH 3C
(2 Man, 2 Rha) 651.5 Man-Rha-Rha-ol Y2
646.5 Man-Man-Rha-OH — (@) Bs
466.4 Man-Man-OH — (FD) B,
438.4 Rha-Rha-ol Y1
878.7 648.5 Man-(CgJRha-Rha-di \&
(2 Man, 2 Rha, 1 -CHi 643.5 Man-Man-(CkgRha-OH —(HO) Bs
466.4 Man-Man-OH —(kD) B
435.5 (CH)Rha-Rha-ol Y1
701.06 484.3 Man-Man-OH L
(2 Man, 1 Rha) 471.4 Man-Rha-ol Y1
466.4 Man-Man-OH —(kD) B
258.2 Rha-ol Yo
698.5 484.3 Man-Man-OH L
(2 Man, 1 Rha, 1 —-CHi 468.4 Man-(CH)Rha-ol Y1
466.4 Man-Man-OH — (kD) B,
255.1 (CH)Rha-ol Yo

2all ions are sodium adducts; Rha-ol indicates Naifduced rhamnose
P According to the fragmentation proposed by Domiat @ostelld’
¢ (CHs) = native methyl ether substituent
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Figure 1: GLC-MS fragmentation pattern of 1,2 j5@racetyl 30-methyl 4O-deuteriomethyl
rhamnitol and 1,2,5-tr@-acetyl 3,4-diO-deuteriomethyl rhamnitol. Structures and generatif

fragments are reported in the inset.
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Figure 2: 'H NMR spectra recorded at 50 °C of BiemultivoransC1576EPOL produced in

biofilm mode using MH medium. Spectrum beforegn)l after (b) purification using TCA,
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Figure 3: Expansion of the COSY plot recorded@at® of theB. multivoransC1576EPOL

produced in biofilm mode using MH medium. Somerelations are indicated (see Table 1).

24



B6
D6
D4
<) B4
B3 o B4
= D
<<<@>)§((Q L

A’S

CH,-O-

A4

T T T T T T T T T T T

43 42 41 40 39 38 37

ppm

Figure 4: Expansion of the HSQC plot recordedatC of theB. multivoransC1576EPOL

ppm

60

65

70

75

80

produced in biofilm mode using MH medium. C-H @@eaks assignments are shown (residues

nomenclature is as in Table 1).
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Figure 5: Anomeric region of the NOESY plot recanicht 50 °C of th&. multivoransC1576
EPOL produced in biofilm mode using MH medium. Intead inter-residues NOE contacts are

shown.
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