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A detailed screening of bacterial isolates from the Central Himalayan region for plant growth promotion and antimycelial
activity againstPythiumand Phytophthorastrains afforded seven isolates, of which three were particularly effective
against the incidence of damping-off in field trials on chilli and tomato. In this investigation an initial spectroscopic
survey of the methanolic extracts of the seven bacterial isolates showed complex mixtures exesetiftmmonasp.

GRP;, one of the most promising isolates on the basis of field studies. Strain; @& selected for structural
characterization of its secondary metabolites, particularly glycolipids. The extracellular secondary metabolites were
enriched by Amberlite XAD-16 adsorber resin followed by separation and structural analysis using TLC, LC-MS, MS-
MS, and NMR spectroscopy. Acquired data show the presence of a number of mono- and dirhamnolipids and include
rhamnose (Rha)-C8-C10, Rha-C10-C8, Rha-C10-C10, Rha-C10-C12:1, Rha-C10-C12, Rha-Rha-C8-C10, Rha-Rha-
C10-C10, Rha-Rha-C10-C10:1, Rha-Rha-C10-C12, Rha-Rha-C10-C12:1, Rha-Rha-C12-C12:1, and Rha-Rha-C12-C12
in strain GRR. Since rhamnolipids are involved in the lysis of the plasma membrane of zoospores of fungi, application
of such rhamnolipid-producing rhizobacteria could facilitate control of damping-off plant pathogens.

Bacterial diversity present in the rhizosphere not only is crucial and chilli (also called chile) was assessed under natural and
for growth of crop plants but also determines natural mechanisms artificially disease-infested field sites in both winter and wet seasons.
of disease control. In this context the fluorescent pseudomonadsThree isolates, namely, FQP PB-3, FQA PB-3, and GRRre
are favored in ecologically based crop management and soil healthparticularly beneficial. On the basis of this and earlier stifdie’®
by virtue of their rapid root and rhizosphere colonization capacity, with strain GRRB, we have now performed an initial nuclear
utilization of a wide variety of molecules as growth substrates, magnetic resonance (NMR) spectroscopic screening of the second-
and release of secondary metabolites that are crucial to indigenousary metabolite profile of the seven bacterial isolates and have
competition and growth promotory compounds that help improve selected GRPfor rhamnolipid characterization. Here, we report a
root proliferation and consequent plant growth. detailed structural characterization of the extracellular secondary

Pseudomonad-mediated disease suppression is a consequence gfetabolites produced by GRBsing mass spectrometry (MS) and
the synthesis of a great diversity of primary and secondary NMR spectroscopy.
metgbolites, many of which are releaseq intolthe surrounding Results and Discussion
environment. One of the major mechanisms is related to the . ) . . . .
secretion of antibiotics such as pyoluteorin, pyrrolnitrin, phenazine- 1 he diversity of microflora associated with the plant rhizosphere
1-carboxylic acid, and 2,4-diacetylphloroglucinol (DAP&SS is influenced conS|derab_Iy by the surroundlng bl_otlc and abiotic
However, restricted rhizosphere competence and root colonizationfaCtors' Among th_e b'Ot'_C factc_nrs, bacte_rla,_ fung|,_ protozoa, and
potential make their natural performance variable. For example, in "ématode populations e;the_r directly or indirectly influence plant
a plant growth dependent study of DAPG producers in the maize heal_th and product|V|t§_/~. Within this scenario, _the mos_t well-
rhizosphere, only 188 out of a total of 1716 isolates were positive St!Jd'Ed pht_anomenon is the antagonlstlc_actlwty of rhizosphere
for this antibiotic? Plant growth promoting rhizobacteria (PGPR) rr.ucroorganlsms.toward plant pathogens with the resgltant suppres-
also produce iron-chelating siderophores and affect plant growth sion of plant dlsegsé'? Plant_ growth promoting _rhlzobe_lc_terla
via lowering the iron status in the root zone for phytopathogens, (PGPR) offer a valid al_ternatlve to costly synthetic _pesnmdes to
thus inhibiting their colonizatichbut may offer iron to plants check proliferation of soil-born plant pathogens and simultaneously

through heterologous iron uptakén addition Pseudomonaare enhance agricultural yields.

able to produce glycolipids, in particular rhamnolipids, that act as , Characterization of Fermentation Products. The production

biosurfactants and can be applied successfully against zoosporicOf polysaccharides and rhamnolipids by the original seven disease-

plant pathogend-12 suppressive bacteria was studied from liquid-state cultures, and the
In an ongoing research program we have recently screened aphyswal propertl_es of the resulting supernata_mts were determ_lned

? ; .(Table 1). The biomass produced after 72 h in standard succinate
large collection of fluorescent pseudomonads and other rhizobacteria,

for plant growth promoting and antimycelial activity against three {:gg;é?égi%éggr d rg%?;g dzigweﬂla;%ﬁrﬁg?oéffs gS/|L_|‘|L\jV_ ith
damping-off pathogens, namely, twythium aphanidermatum 9 ’

strains andPhytophthora nicotianasoriginally obtained from the 13 showed the highest level of polysaccharides followed by isolate
. ytop . ginally o 146 and GRR Maximum polysaccharide/biomass ratio was also
Indian Culture Collection, New Dell? Seven bacterial isolates

(Pseudomonasp. 146, D4, H3, FOP PB-3, FQA PB-3, GRand 'i%%ul;\tBe_g fc;rngczlg?é;s SH1U-13 (0.433), followed by isolate 146,
isolate SH 1U-13, originating from various habitats in the Central Lo NP . .

) ; ) ; T Rhamnolipid quantification was assessed after 120 h incubation
Himalayan regio#?) were selected, and their effectiveness in field at 28°C in PPGAS mediur® Significantly, GRR produced the
trials for combating pre- and post-emergence damping-off in tomato highest level of rhamnolipids (0.041 g/L) and showed the largest
rhamnolipid/biomass ratio. It showed a high emulsification index

72(*)0T°FWhP’B‘Oz%fggfoenfSGI”ggggOE'd b?I.add;eSSEd- Te:; ?0ﬁ9lt53hl‘5381‘value (62.7) and the maximum lowering of the surface tension (from
p bepi);iment of Structural Bi0|.Og;/m|£'i|IZ.| victor.wray@helmholtz-hzi.de. 7g n\im 1o 45 nM/m) of all the isolates studied (Table 1).
t Research Group Microbial Drugs’, HZI. Secondary Metabolitesldentically prepared methanol extracts

§ GB Pant University of Agriculture & Technology. of bacterial cultures, grown in SSM broth, were rapidly screened
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Table 1. Biophysical Characterization of Polysaccharide and Rhamnolipid Production in Select Bacterial Isolates after 120 h in
PPGAS Broth

bacterial biomass W polysaccharide M final surface emulsification
isolate final pH (g/L) (g/L) M/W ratio rhamnolipid R (g/L) R/W ratio tensioR indexEzq4
146 8.32+ 0.04 1.28+0.10 0.49+ 0.05 0.383 <(0.5+na)x 103 <0.0004 58+ 4.36 24.4+ 4.19
D4 8.40+ 0.06 1.48+0.08 0.18+ 0.04 0.122 <(0.5+na)x 103 <0.0004 69+ 6.25 3.7+ 0.76
H3 8.20+ 0.09 1.12+0.07 0.25+ 0.06 0.223 (1.6:0.27)x 1078 0.0009 64+ 6.56 15.4+ 2.76
SH1U-13 6.45t 0.05 1.20+0.10 0.52+ 0.06 0.433 (12.%1.61)x 1078 0.0100 69+ 7.21 68.5+ 6.27
FQP PB-3 8.20t 0.04 1.26+ 0.09 0.37+ 0.05 0.294 (26.3-2.48)x 1078 0.0206 51+ 2.65 72.7+7.38
FQA PB-3 8.21+ 0.09 1.86+ 0.06 0.21+ 0.03 0.113 <(0.5+na)x 1073 <0.0004 64+ 4.36 6.4+ 0.92
GRP; 8.23+ 0.05 1.76+ 0.07 0.47+ 0.05 0.267 (41.4-1.59)x 1078 0.234 45+ 5.20 62.7+ 7.44

aAll values are means:= SD of three replicates. na not analyzédhitial pH and surface tension of the medium was 7.0 and 78 m, m
respectively.

Rha'(cm'cm)
503.4
1001
Rha-(Cl()-CIZ:I)

OA)-

Rha'(cs'clo) Rha-(Cl(l-Clz)

Rha-(C,-C,)  [504.4

475.4
?76'4 529.4 539.4 5614

0 51 b Y ‘m/z

0 ) N
450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700 710 720 730

163 — 333 475—
Rha1-0iCH (C,H,,)-CH,-CO-OiCH (C,H,,)-CH,-COO"
— 311 —141

163— 305— 475—
Rha1-0iCH (C.H,,}-CH,-CO-OiCH (C,H,,)-CH,-COO"

(C.-H]" — 311 —169
141.1 [Rha-C,-C,,-H]
100 [Rha-H]" 475.3
[Clo'H]-
103.1 169.2
% )
89 1 [Cs'Cm'H]
1 1191 [Rha-C,-H]J- 476.3
163.1 8 .
TS 3052 / (Rha-C. -H"
59.1 311.2 / "
333.2 477.3
187.2 ’ l ’
0 T OO | TS S { rebrrreeprrtgeergrerehrergrereereeprersperegressrrergelelormrere e reeopreeeepreeeresg e eeeepreepeeprerereeereeeril 2
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

Figure 1. Negative-ion mode ESIMS of the combined monorhamnolipid fractiens0rafter preparative TLC of XAD-16 purified sample
of Pseudomonasp. GRR. Negative-ion mode ESIMS-MS of the molecular ionratz 475 in. The detected fragments that allow
characterization of both isomers, Rhag{Cy¢) and Rha-(Gy-Cg), are shown in the fragmentation scheme (lower panel).

by 'H NMR spectroscopy for the presence of rhamnolipids. In all signals in the region 9 to 6.5 ppm (Supporting Information, Figure
cases, apart from GRPthe spectra were complex and showed 1). In the case of GRP the spectrum appeared to be a simpler
bands of overlapping signals in the region 5 to 0.5 ppm and in mixture with sharp bands of signals in both the sugar region 5.5 to
some cases (H3 and SHIU-13) significant amounts of aromatic 3 ppm and alkyl chain region 2.6 to 0.8 ppm; this was clearly



Rhamnolipids from the Rhizosphere Bacterium Pseudomonas sp. Journal of Natural Products, 2007, Vol. 7(490. 6

Rha-Rha-(C,-C,)

" 649.4
Rha-Rha-(C,-C,,.,)
Rha-Rha-(C,,.,-C,,)
650.5
o/. |
s Rha-Rha-(C,,-C,,)
Rha-Rha-(C,-C,)) 4 Rha-Rha-(C-C,)
Rha'Rha'(Clo'Cx) 677.5
621.4 675.5
6224 |[651-5 [|678.5
O450 460 470 4.80 490 500 510 520 530 540 550 560 570 580 590 600 610 626 630 640 %50 660 670 6IBO 690 700 710 720 730 m/z
291 -H,0
163 — 309 — 479 =

Rha1-022Rha1-0iCH (C,H,;)-CH,-CO-OiCH (C,H,,)-CH,-COO"

205 —  — _H339 — _H169
247
479.3
1001
[Clo'H]_
169.2
649.4
o [Rha-H] 205.1
%o - 163.1
[C-H] ™ 2471 650.4
1411 480.3
h 291.2 339.3 481.3 651.4
1 .l 11 .l | ? 1 ? mIz

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660

Figure 2. Negative-ion mode ESIMS of the combined dirhamnolipid fractions 1% after preparative TLC of XAD-16 purified sample
of Pseudomonasp. GRR. Negative-ion mode ESIMS-MS of the molecular ionnalz 649 (detected fragments and theifz values) is
shown in the fragmentation scheme at the top of the figure (lower panel).

indicative of a sample rich in glycolipids that were probably in the major componeng (2-O-a-L-rhamnopyranosyt-L-rham-
rhamnolipids from the strong characteristic methyl doublet at 1.3 nopyranosyle-hydroxydecanoyt-hydroxydecanoic acid), were
ppm (Supporting Information, Figure 2). The concentration of resolved by 1D and 2D homo- and heteronuclear NMR spectro-
rhamnolipids in other extracts was below detectable levels in the scopy. The presence of characteristic spin systems corresponding
extracts of the other six isolates, so the presence of rhamnolipidsto the twoa-rhamnose and twa-hydroxy fatty acid moieties was
could not be confirmed. readily identified from the 1D and 2DH COSY spectra. In
On the basis of the above, a XAD-16 purified sample of @GRP particular the sugar anomeric configurations follow from the small
was chosen for a more detailed component analysis. A sample ofvicinal 2J(HH)'s and*J(CH)’s of 170.5 HZ}” Their interconnection
the methanotchloroform extract of GRP(430 mg) was separated  and sequence was then unambiguously determined from the cross-
by preparative TLC and analyzed under UV (at 256 and 366 nm) peaks in the 2D'H-detected multiple-bond3C—H correlation
and visible light. Twenty fractions were identified on the preparative (HMBC) corresponding to interactions through three bonds via
TLC plate and were carefully scraped and collected separately. Eachbridging oxygen atoms (Table 2). The same spectrum afforded an
fraction was eluted and evaporated to dryness. All fractions were unambiguous assignment of tH€ signals and a ready distinction
analyzed by 1D and 2D NMR spectroscopy, which allowed a between the two carbonyl carbons.
categorization of the major compounds (Table 2; Supporting The identity of the monorhamnolipidl, in fraction 10 was
Information, Figure 3) into either aromatic-containing compounds evident from a comparison of the 1D and 2D CO%¥NMR data
(fractions 1 to 10) or glycolipid compounds (fractions 8 to 20).  with that of the2. In the 2D COSY spectrum only one rhamnose
Of these, fraction 17 provided the maximum yield (11.4 mg), moiety was evident, and the characteristic signal of H-2 of the
and the nature of the rhamnolipids present was analyzed by adirhamnolipid at 4.02 ppm was absent, while the characteristic
combination of NMR spectroscopy and mass spectrometry. The signals of both fatty acid moieties were present (Table 2). In both
identity of the sugar and lipid moieties and their interconnection 1 and 2 it is assumed that all sugar moieties have the normal
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Table 2. NMR Data of Rhahmnolipids in CEDD

dirhamnolipid monorhamnolipid

no. du(m,JinHz) oc HMBC (01 t0 6c)¢ Oy (M, Jin Hz)
Al 174.3 (C)

2 2.61(m) 39.9 (Ch A-1 2.53 (m)

3 5.29 (pentet, 6.4) 72.3 (CH)B-1, A-1 5.34 (m)

4 1.66(m) 35.0 (Ch) 1.65 (m)

5-9 1.34 (m) CH 1.34 (m)

10 0.94(t,6.3) 14.4 (Ch) 0.94 (t, 6.3)
B1 172.4(C)

2A  2.61(m) 41.3 (CH) B-1,B-3 2.61(dd, 15.1,

7.3)
2B 2.52(dd, 15.2,5.8) B-1, B-3 2.51(dd, 15.1,
5.4)

3 4.09 (pentet, 6.1)  75.4 (CH)B-1,C-1 4.13 (p, 6.1)

4 1.58(m) 34.3(Ch 1.61 (m)

5-9 1.34 (m) CH 1.34 (m)

10 0.94(t,6.3) 14.4 (Ch 0.94 (t, 6.3)
C1 4.97(bs) 99.2 (CH)B-3, C-2, ~4.80 (bs)

C-3, C-

2 3.79 (bs) 80.4 (CH) 3.79 (bs)

3 3.79-3.66 (m) 71.9 (CH) 3.733.69 (m)

4 3.49(dd, 9.5,9.5) 74°3CH) ~3.35

5 3.79-3.66 (m) 70.1 (CH) 3.733.69 (m)

6 1.29(d,~6) 18.0 (CH) C-4,C-5 1.29 (d, 6.2)
D1 4.93(d,1.5) 104.2 (CH)C-2, D-2,

D-3,D-5

2 4.02(dd,15,3.3) 71.9(CH)

3 3.79-3.66 (m) 72.3 (CH)

4 3.49(dd, 9.5,9.5) 73°qCH)

5 3.79-3.66 (m) 70.2 (CH)

6 1.28(d,~6) 18.0 (CH) D-4,D-5

2 bInterchangeableBold carbons indicate sequential correlations.

dSignals at 32.9, 32.9 ¢t 2 A8, B8), 30.7, 30.4, 30.3, 30.2 { 4, A6,

B6, A7, B7), 26.2, 25.8, (x 2, A5, B5), 23.6 (t, A9, B9)¢n both
casestJ(CH) = 170.5 Hz from the residual coupling in the HMBC

spectrum.
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Figure 3. Quantitation of rhamnolipids from XAD-16 purified
extract of Pseudomonasp. GRR. HPLC analysis using an
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appeared as sodiated molecular ion clusters in the Sland
their structures were confirmed by MS-MS analyses. Sodiated
molecular ions, [M+ NaJ*, in the ESTMS data were observed at
m/z 555 (Rha-Gy-C;,, Rha-G»Cyg), 553 (Rha-G,.1-Cio, Rha-Go-
C12;1), 527 (Rha—Clb-Clo), and 499 (Rha—@-C& Rha-Q-Clo), where
Rha indicates a rhamnose moiety. Confirmatory negative mode
HPLC-MS data confirmed these results and additionally showed
the presence of small amounts of Ri@o—Cj0.1, Table 3.

Fractions 15-20 provided dirhamnolipid sodiated molecular ion
clusters in the ESIMS, while (—)-HPLC-MS confirmed the
presence of dirhamnolipids in fractions 158. ESIFMS data
showedm/z 729 (Rha-Rha-G-Cy,), 727 (Rha-Rha-G-Cy».1), 701
(Rha-Rha-Gy-Cyp), 699 (Rha-Rha-G-Ciz.1), 673 (Rha-Rha-G-

Ci0), and 645 (Rha-RhagC,0). The mass values of the main
components are given in bold numerals in Table 3. More detailed
information about the structures of the rhamnolipids was derived
by ESFMS-MS, which confirmed the presence of both possible
isomers of Rha-g-Cg/Rha-G-Cyo (Figure 1), Rha-Rha-{g-Cy2.4/
Rha-Rha-&;.;-C;0 and Rha-Rha-G-C;/Rha-Rha-GCy (Figure

2). According to the intensities of the fragment ions, the shorter
fatty acid is found preferentially (by at least a factor of 2) directly
linked to the rhamnose moiety in GRFFinally, the structure of

the various components were confirmed by an B&$-MS study

of the combined mono- and dirhamnolipid fractions. (Additional
mass spectra are available in the Supporting Information, Figures
3—6.) Each fraction was characterized by NMR spectroscopy and
the various mass spectrometric techniques. The combined data from
fragmentation in ESIMS-MS and those from -«{)-HPLC-MS
allowed the rhamnolipid content of each fraction to be rapidly
assessed and showed this combination of techniques to be a very
efficient tool for the detailed analysis of complex rhamnolipid
mixtures after a simple TLC separation. Similar strategies have been
employed previously in which the older FAB ionization MS
methods have been uséé® 2623 that are now being superseded
by the more versatile ESIM%:26 The MS-MS techniques allowed

us to distinguish isomeric mono- and dirhamnolipids. This is in
keeping with the results of Schenk et &lwho used HPLC to
characterize the rhamnolipid mixture frdPaeruginosddSM 2659

evaporative light-scattering (ELS) detector (A) instead of the mass and also demonstrated quantification of chromatographically un-
spectrometric total ion current (TIC) detection (B) clearly indicates resolved molecules. For example, in this study, very similar and
Rha-Rha-(Gy-Cyg) is the predominant rhamnolipid produced by coeluting isomers of Rhas&C;/Rha-Go-Cg, of Rha-Go-Ci2/Rha-

Pseudomonasp. GRR.

absoluteL-configuration. Although integration of the 1D spectra

C12-C10, and of Rha—(;o-clz;l/Rha-QQ;rClo of strain GRB were
easily distinguished (Table 3).
A simple quantitative determination of the rhamnolipid content

gave some idea of the length of the fatty acid chains in both types of GRP; using the TLC fractions was not possible, as the samples
of molecules, their exact lengths were deduced from the MS datawere not pure enough. However, HPLC analysis of an extract of

below.

GRPR; (Figure 3) using an evaporative light-scattering detector (ELS)

The presence of rhamnolipids in the crude extract was detectedinstead of the mass spectrometer total ion current furnished a
by ESIFMS, and the exact nature of these in selected glycolipid- chromatogram that clearly indicates that Rha-RhaG, is the

containing fractions was analyzed by EBIS (Q-TOF) and HPLC-
ESIMS (qqq) (Table 3). The data showed that fractiorsl2

predominant rhamnolipid in GRRP18.6 min; 87%). A smaller, later-
eluting peak (20 min; 9.7%) contains about equal amounts of the

comprised monorhamnolipids of different chain lengths with main monorhamnolipid Rha+&C;o and the dirhamnolipid Rha-
saturated and unsaturated fatty acids. The main componentsRha-(Gg, Ci2:1), while the last peak (21.2 min; 7.3%) corresponds
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Table 3. Identification and Characterization of TLC Fractions of Secondary Metabolites Beendomonasp. GRR Using Nuclear
Magnetic Resonance (NMR) Spectroscopy and Mass Spectrometry (MS)

major compound

major compounds by

major compounds by

by NMR ESI'MS (Q-TOF) (—=)-HPLC-MS (qqq)
fraction wt (mg) glycolipid other compounds [M Na]* mv/z substance [M-H]"m/z substance
7 0.8 aromatic system 687
555 Rha-(Go-C12)
Rha-(G2-Cio) (MSMS)
553 Rha-(Go-Cy2:9)
Rha-(G2:1-Ci0) (MSMS)
527 Rha-(Qo-clo)
413 octyl phathalate
8 2.0 aromatic system 527 Rhaz6&10) 503 Rha-(GgCio)
529 Rha-(%—clzj)
531 Rha-(Go-Ci12)
9 1.4 monorhamnolipids aromatic system 555 531 Rha-C)
553 529 Rha-(&-Ci24)
527 Rha-(Gg-Cio) 503 Rha-(Gg-Cio)
501 Rha-(Gy-Cio:1)
499 Rha-(G-Ci0) 475 Rha-(G-Cyq)
10 1.5 monorhamnolipids aromatic system 555 531 Rha-{G>)
529 Rha-(qg—clz;l)
527 Rha-(Gg-Cio) 503 Rha-(G¢-Cio)
501 Rha-(Gy-Cio:1)
499 Rha-(G—Cm) 475 Rha-(@-Cm)
Rha-(G¢-Cg) (MSMS)
11 0.9 monorhamnolipids 527 Rha-(Go-Cio)
499 Rha-(G-Cio)
413 Octyl phathalate
12 0.8 monorhamnolipids glycerel fat 527 Rha-(Go-Ci0)
413 octyl phathalate
13 <0.5 NA® NA NA
14 1.0 monorhamnolipids glycerel fat 413 octyl phathalate 503 Rha1(C10)
527 Rha-(Qo-Clo)
15 2.3 dirhamnolipds glycerot fat 729 Rha-Rha-(G-Cy,)
727 Rha-Rha-(&-Ci2:1) 703 Rha-Rha-(&-Ci2.1)
7012 Rha-Rha-(Gy-Ci2) 677 Rha-Rha-(Gy-Cio)
699 Rha-Rha-(Gy-Ci2:1) 675 Rha-Rha-(Go-Ci2.1)
673 Rha-Rha-(6-Ci0) 649 Rha-Rha-(&-Cio)
413 octyl phathalate
16 5.3 dirhamnolipds 705 Rha-Rha-(&-Ci2)
(unsaturated)
703 Rha-Rha-(&-Ci2.1)
7012 Rha-Rha-(Gy-Ci2) 677 Rha-Rha-(Gy-Cio)
Rha-Rha-(GCio)
(MSMS)
699 Rha-Rha-(Gy-Ci2:1) 675 Rha-Rha-(Go-Ci2.1)
(MSMS)
673 Rha-Rha-(Go-Cio) 649 Rha-Rha-(Go-Ci0)
647 Rha-Rha-(@—Clo;l)
17 11.4 dirhamnolipds 701 Rha-Rhazf12) 677 Rha-Rha-(&-Ci2)
695 675 Rha-Rha-({6-Ci2:1)
673 Rha-Rha-(Go-Cio) 649 Rha-Rha-(Go-Cio)
647 Rha—Rha-(Qo—C]_o;])
645 Rha-Rha-(@Ciq) 621 Rha-Rha-(GCio)
18 2.9 dirhamnolipds 701 Rha-Rhaz6€;,) 677 Rha-Rha-(Go-Ci2)
675 Rha-Rha-(&-Ci2.1)
673 Rha-Rha-(@—Clo) 649 Rha-Rha-(Gﬂ—Clo)
645 Rha-Rha-(&Ci0) 621 Rha-Rha-(GCio)
19 1.6 dirhamnolipids 695
673 Rha—Rha-((I@—Cm)
645 Rha-Rha-(&Ci0)
503
20 3.1 NA 673 Rha-Rha-(Go-Cio)
645 Rha-Rha-(&Ci0)
413 octyl pathalate

aMS-MS analysis showed Rha-Rhaz{,,)/Rha-Rha-(G-Cio) about 3:1 vz 701) and Rha-Rha-({&Ci2.1) exclusively exists as an isomer,
where the double bond is in the outer C12 ubiDctyl phthalate is a common impurity that is generated by plastic containers. Data shown in bold
represent major components of the corresponding fractiNdh = data not available.

to Rha-Rha-(&,C;2). A small peak at 16 min was identified by
MS as Rha-Rha-(z-Cg) (1.1%).
Thus GRR produces predominantly the dirhamnolipid Rha-Rha-
C10-Cio. In addition smaller quantities of Rha-Rha-C,o, Rha-
Rha—QO-Clo;l, Rha-Rha-go-Clz, Rha-Rha—G:o-Clz;l, and Rha-Rha-
C,-C;,.1 Were detected, as well as monorhamnolipids with two fatty
acids (Rha-@-Clo, Rha-Qo-Cg, Rha-Q_O-Clo, Rha-Q_O-Clz, Rha-
C1-Cio, Rha-QO-CH;L Rha-Qz;l-Clo) (Table 3) All the rhamno-
lipids contained two fatty acid moieties. Unsaturateg@nd G2

fatty acid residues were observed, which appeared exclusively in
the outer acid position of the dirhamnolipids, but in both positions
in the monorhamnolipids (Table 3). The same trends have been
observed previously fdP. aeruginosal7T2 grown on waste frying
0il.2% In general, the principal (and sometimes only) rhamnolipids
considered to be produced By aeruginosaare Rha-Rha-G-Cio

and Rha-Gy-C10.28730 These appear to be particularly characteristic
since other rhamnopilid producers, suctBaskholderia pseudoma-

llei (formally P. pseudomall@j excrete different length lipid chains
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as main componenf Arino et al32 reported the rhamnolipid profile  0il.3> The contents were vortexed at high speed for 2 min, and the
of P. aeruginosaGL1, which produced a variety of mono- and  mixture was allowed to settle for 24 h before the height of the emulsion
dirhamnolipids containing one or two 3-hydroxy fatty acid residues and total height of the mixture were measured. The emulsification index
when grown with glycerol as carbon source. Rhamnolipids with (E24 was calculated as
two fatty acid and one or two rhamnose moieties represented 90% _ height of the emulsion 100
of all rhamnolipids. The fatty acids were predominanthy,@long B total height x
with some G and G Variations in the minor components are Secondary Metabolite Production. For large-scale metabolite
to be expected howevgr, as the exact nature.of the rhamn"“p'dsproduction, bacteria were grown 2 L (10-fold 200 mL medium in
appears to depend on isolation and fermentation conditieiis. 500 mL Erlenmeyer flasks) of SSM with shaking (120 rpm; 50 mm
Although the comprehensivéH NMR data of the 20 TLC shaking diameter) at 28C for 42 h. Cells were harvested by
fractions showed the presence of various different aromatic centrifugation at 100a9for 20 min (Sigma 3K30). The supernatant
compounds in the sample from GRAt was not possible to was filtered through a membrane filter (0.2&, Millipore) to remove

unambiguously identify the compounds because of the limited any bacterial cells before it was lyophilized to half the volume. The
guantity available and the presence of contaminants. concentrated supernatant was acidified with HCI (2 M) to pH 2.0 and

allowed to stir with the neutral adsorber resin Amberlite XAD-16 (1.0%)

. . . for 4 h. The supernatant was removed, and the XAD-16 was washed
nassp. GRB has been obtained, which may be used in the future twice with an equal volume of distilled 4 (HPLC grade). XAD-16

to understand complex phenomena such as quorum sensingyas extracted twice with an equal volume of Me©BHCH (1:1 V/v)

community dynamics, and various other micrefpgant pathogen at 35°C. The MeOH-CHCl; extracts were combined and evaporated
interactions. Clearly structurdfunction analyses are warranted to  to drynessin vacuq yielding crude extract for preliminary NMR

provide critical answers concerning the role of the different analysis and further TLC purification.
rhamnolipid components in lysis of zoospores of damping-off  Thin-Layer Chromatography (TLC). Thin-layer chromatography

E24

In conclusion a comprehensive rhamnolipid profilePseudomo-

pathogensn situ andin witro. was carried out on Si gelf plates (Merck). The lyophilized samples
(300 mg) were dissolved in MeOH and applied to TLC plates. Before
Experimental Section development, plates were exposed to an atmosphere gféfilter
: . paper in a glass chamber for-3 min. CHCk—CH;OH—NH; (65:
General Experimental Procedures.The culture broth was centri 35:5 viv) was used as solvent system. After drying, 20 visible zones

fuged using a Sigma 3K30 centrifuge. The absorbance was rec_ordedwere identified under UV light (254 and 366 nm) and marked. The Si
using a Beckman DU-640 spectrophotometer. The surface tension ofge| from each zone was carefully scraped out and ground before each

culture supernatants was measured on a Fisher Autotensiomat models,ction was eluted with CKCl,—MeOH (70:30 v/v). Al fractions were

21 (Fisher Science Co., Pittsburgh, PA). For secondary metabolite gyaporated to dryness.

production bacteria were grown under controlled conditions on a  Hp|.C-Mass Spectrometry. The HPLC-MS system equipped with
rotatory shaker (Adolf Kuhner AG, Schweiz). HPLC-MS data were g solvent gradient system was used (automatic injector, column oven
obtained on a HP 1100 system coupled to a PE SCIEX API 2000 LC/ 40 °C), DAD-UV-detector; column Nucleodur 100-5 C18 EC, 125/2
MS/MS system with an electrospray ionization interface. ESIMS and mm (Macherey-Nagel); particle size:n; solvent A= H,0 with 5%
MS-MS data were recorded on a QTOF-II instrument (Micromass, CHsCN, B = CH;CN with 5% HO, each with NHOAc buffer (0.5
Manchester, U.K.). 1D and 2D NMR spectra were recorded on either mM) adjusted to pH 5.5 withv40 uL/L CH3COOH; gradient 15% B

Bruker DPX300, ARX 400, or DMX600 NMR spectrometers. for 2 min, increasing to 90% B in 30 min; flow rate 0.3 mL/min. Mass
Bacterial Culture. Bacterial cultures of seven isolatéseudomonas ~ spectra were recorded in the negative mode.
sp. 146, D4, H3, FQP PB-3, FQA PB-3, GRéhd isolate SH 1U-13), Mass Spectrometric Characterization of Glycolipids.The presence

identified from our initial screening of the departmental culture and structure of the major glycolipids were determined by analysis of
collection at Pantnagar (originally isolated from samples from the both positive and negative ion electrospray mass spectra of the
Central Himalayan region), were maintained in modified King’s B agar molecular ions and their fragmentation patterns in MS-MS spectra.
and stored as glycerol stocks-a80 °C.? Samples were dissolved in MeOH (concentration approximately 10 ng/
Biomass Determination.Actively grown (12 h) bacterial cultures  uL), and 13 uL of this solutions was applied to gold-coated nanospray
were inoculated in SSM brotrand incubated at 28C and 120 rpm glass capillaries placed orthogonally in front of the entrance hole of
for 72 h on a rotatory shaker (120 rpm; 50 mm shaking diameter). the instrument. Approximately 1000 V was applied to the capillary,
Culture broth was centrifuged (200§)0for 10 min, the pellet was ~ and the ions were separated by the time-of-flight analyzer. The
suspended in distilled water, and the contents were recentrifuged.instrument was calibrated using Ma. clusters in positive and N&-+1
Biomass was determined by weighing the pellet after drying a@05  clusters in negative mode. For MS-MS experiments parent ions were

for 24 h. selected by the quadrupole mass analyzer and subjected to collision-
Polysaccharide Determination.After removal of the cell pellet, ~ induced dissociation (ID) (collision gas, argon; collision energy; 20
the supernatant was treated with three volumes of MeOH. The resulting40 eV). Resulting daughter ions were then separated by the TOF
precipitate was removed, dried at 1806 for 4 h, and weighed. analyzer.
Quantification of Rhamnolipids. Actively grown bacterial isolates Nuclear Magnetic Resonance (NMR)One-dimensional'H, 1*C,
were inoculated in 100 mL of PPGAS broth (16) and incubated at 28 and DEPT-135] and two-dimensional [COS¥{-detected one-bond
°C at 120 rpm for 120 h. Culture broth was centrifuged (2@f)Gor (HMQC), and long-range (HMBCYC—'H correlations] NMR spectra
10 min, and the rhamnolipid content was estimated as rhamnosewere recorded at 300 K on NMR spectrometers locked to the major
equivalents in the culture supernatant by the orcinol methadhsor- resonance of CEDD. Chemical shifts are given relative to the residual
bance was measured at 420 nm with rhamnose as the standard. ~ methanol signal*fd, 3.35 ppm;*C, 49.0 ppm).

Surface Tension Measurement.The surface tension of culture Ack led t Thi K ted by Grant No. BT/
supernatants was measured on a Fisher autotensiomat. Measurements cknowledgment. IS work was supported by Grant No.

were made on supernatant samples after centrifugation. To determine” R955/P1D/24/38/98 to B.N.J. from the Department of Biotechnology,

surface tension, the mass of 1 drop of liquid was calculated and the New Delhi, which is gratefully acknowledged. A Junior Research

radius of the drop was measured. Surface tension was calculated as Fellowship from the University Grants Commission, New Delhi, and
from the HZI (formely GBF), Braunschweig, to A.S. is gratefully

_ m(g) acknowledged.

- 3.8() Supporting Information Available: This material is available free
of charge via the Internet at http://pubs.acs.org.

wherem = mass of one dropg = 9.8 m s2, andr = radius of the
drop.

Emulsification Measurements.To determine emulsifier activity, (1) Johri, B. N.; Sharma, A.; Virdi, J. $\dv. Biochem. Eng. Biotechnol.
4 mL of centrifuged culture supernatant was added to 6 mL of kerosene 2003 84, 49-89.
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