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The isolation and structural characterization of exopolysaccharides (EPSs) synthe- 
sized by Pseudomonas species has been an integral part of a program in this laboratory 
with the goal of possible commercialization of these polymers. The EPSs which we have 
characterized to date were all isolated from plant pathogenic pseudomonads belonging to 
rRNA-DNA homology group I [l]. Most of the EPSs were demonstrated to be acidic and 
included alginates as well as several novel poIymers which lacked uranic acids but 
contained acidic substituents [2-51. We now report on the characterization of the EPS of 
the human opportunistic pathogen, Pseudomonas stutzeri. This group I bacterium can be 
distinguished from most other members of the group by its ability to denitrify and its 
inability to produce a fluorescent pigment [l]. The structure of P. stutzeri EPS produced 
by two distinct colony types has been determined. The acidic nature is not due to the 
presence of uranic acids, but rather to a I-carboxyethyl (lactic acid) substituent. 

1. Results and discussion 

By calorimetric assay, the EPS isolated from both colony types before column 
chromatography contained - 47% neutral sugar and no detectable uranic acid or amino 
sugar. GLC-MS analysis of the alditol acetate derivatives of a trifluoracetic acid 
hydrolyzate of EPS from both colony types of P. stutzeri indicated that they were 
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identical in composition containing glucose, mannose, and an unknown compound in a 
ratio of 1: 1: 0.7. The 13C NMR spectrum of the EPS showed a downfield resonance 
(182.2 ppm) and an upfield resonance (21.6 ppm) indicating the presence of an 
0-(1-carboxyethyl) substituent [5]. The mass spectrum of the alditol acetate was 
consistent with a lactic acid derivative of a deoxyhexose. The pure unknown was 
isolated by anion-exchange chromatography. GLC of the aldononitrile acetate of the 
sugar obtained from the acidic compound by BCl, hydrolysis indicated that the sugar 
component of the unknown was rhamnose. 

The substitution pattern, as determined by permethylation analysis, indicated that the 
glucose was 4-O-substituted and the mannose was 3,4-di-O-substituted. The mass 
spectrum of the permethylated unknown was consistent with 3-O-(l-carboxyethyl)rham- 
nose. The ‘H NMR spectrum of the acetylated, lactonized, methyl glycoside of this 
compound was similar to the spectrum reported for methyl 3-0-(l-carboxyethyl) rham- 
noside [6] and by duplication of the NOE experiment described in this reference it was 
determined that the configuration of the carboxyethyl substituent is R. 

Partial hydrolysis of the EPS yielded a polysaccharide depleted in 3-O-(l-carboxy- 
ethyl)rhamnose and containing 3-substituted mannose (as determined by permethylation 
analysis) as well as 4-substituted glucose and 3,4-disubstituted mannose (the last being 
present in diminished amounts with respect to the sugar composition of the native EPS). 
The monosaccharide composition of the EPS is therefore 4-substituted glucose and 
3-substituted mannose substituted in the 4 position with terminal 3-O-[(R)-l-carbo- 
xyethyl] rhamnose. 

Signals for three anomeric protons were observed in the ‘H NMR of the native EPS 
at 4.45 (Jr 2 7.6 Hz), 4.75 (J1,2 < 2 Hz), and 4.95 ppm (Jr,, < 2 Hz). The lH NMR 
spectrum of a partially hydrolyzed EPS, which was depleted in the rhamnose substituent 
as determined by GLC analysis of the sugar aldononitrile acetates, showed a significant 
decrease in the relative intensity (to the other anomeric resonances) of the resonance at 
4.95 ppm; therefore this resonance was assigned to H-l of the rhamnose derivative. 
Since the resonance at 4.45 ppm must be from the H-l of P-glucose because of the large 
coupling constant, the resonance at 4.75 ppm was assigned to the mannose component. 
The coupled 13C NMR spectrum indicated one LY (99.5 ppm, Jc_r “_r 175 Hz) and two /3 
(102.8 ppm, Jc.I,n_l 161 Hz, and 104.2 ppm, Jc_l,H_l 159 Hz)‘anomers. By selective 
decoupling it was determined that the substituted rhamnose anomeric proton (4.95 ppm) 
was bonded to the carbon resonating at 99.5 ppm; therefore the substituted rhamnose is 
in the cy configuration (the configuration of the glucose had already been determined to 
be p from the H-l-H-2 couplings). The resonances at 102.8 ppm and 104.5 ppm were 
assigned to the C-l of the mannose and glucose, respectively, using the same method. 
The complete structure of the repeating unit of P. stutzeri EPS is: 

--+ 4)-P-D-Glcp-(1 + 3)-P-D-Manp-(l- 

;? 
1 

3-O-[CR)-carboxyethyll-a-L-Rha 
The finding that P. stutzeri does not produce alginate as an acidic EPS is in 

agreement with two previous studies. Govan et al. [8] were unable to induce alginate 
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producing variants of a strain of P. stutzeri by selection for resistance to carbenicillin, 
in contrast to several other group I pseudomonads. In addition, molecular genetic studies 
by Fiahlo et al. [9] also indicated that a strain of P. stutzeri was devoid of homologues 
to aEgD and algal, two genes required for alginate production by P. aerugino.sa. 
However, Goldberg et al. [lo] recently reported that a strain of P. stutzeri genetically 
manipulated to contain the regulatory gene aZgT on a plasmid did produce an alginate-like 
polymer. The conflicting nature of these results might be due to the use of different 
bacterial strains as this species is known to be very diverse [I]. 

2. Experimental 

Bacterial strain.-The type strain (ATCC 17588) of P. stutzeri was obtained from 
the American Type Culture Collection, Rockville, MD. For short-term storage the 
bacterium was maintained on Difco Pseudomonas agar F at 4°C. Long-term storage was 
in trypticase soybroth (BBL) amended with 20% glycerol at - 85°C. Upon initial 
culturing on PAF, two colony types (one flat and nonmucoid, the other raised and 
mucoid) were present. Both colony types were isolated and purified by single-colony 
cloning. 

Preparation of EPS. -The two colony types gave mucoid growth on PAF when the 
glycerol content was raised from 1 to 5%. For EPS isolation both types were grown on 
this medium contained in Pyrex dishes (22 x 32 cm> (two dishes per strain) for 7 days at 
20°C. The cells plus EPS were harvested using a bent glass rod and distilled water. After 
thorough mixing, the cells were removed by centrifugation (16300 g, 30 min>. A 
concentrated aqueous solution of KC1 was added to the supernatant to give a final 
concentration of 1% (w/v> and the EPS was precipitated by addition of 2-propanol (2 
vol). After being kept at 4°C overnight, the precipitated EPS was collected by centrifu- 
gation (16 300 g, 15 min), taken up in distilled water, and dialyzed against distilled 
water. After dialysis the samples were subjected to centrifugation (16300 g, 30 min) 
and freeze-dried. Yields for colony type I were - 800 mg and for colony type II - 500 
mg. 

Ion-exchange chromatography. -Anion-exchange chromatography was carried out 
on a DEAE-Sepharose CL-6B column. The column was eluted with a O-l M NaCl 
gradient prepared in 25 mM Tris-HCl, pH 7.2. Carbohydrate eluted between 0.40 and 
0.60 M NaCl. The carbohydrate was not retained on CM-Sepharose at pH 5-O-8.0. 

General methods.-Both GLC (Hewlett-Packard 588OA) and GLC-MS (Hewlett- 
Packard 5995B) analyses were carried out on a 15 m SP2330 capillary column 
(Supelco). Optical rotations were obtained on a Perkin-Elmer model 141 polarimeter. 
The ‘H and 13C NMR spectra were obtained on a Jeol GX-400 spectrometer. Polysac- 
charide spectra were obtained at 60°C. Spectra were externally referenced to Me,Si. The 
NOE difference spectra were obtained on a Varian Gemini-200 spectrometer using the 
pulse sequence of Kinns and Saunders Ill]. Irradiation was carried out with a 3 Hz 
decoupling field. 

Calorimetric assay methods for the determination of neutral, acidic, and amino sugars 
were as previously described [3]. Permethylation analysis was carried out by the 
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Hakomori procedure as described by Bjijrndal et al. [12]. The absolute configuration of 
the sugars was determined by the method of Gerwig et al. 1131. 

Partial hydrolysis ofERS_-EPS (15 mg) was dissolved in 5 mL of 0.05 M H,SO, 
and maintained for 2.5 h at 92°C. After neutralization with BaCO, the sample was 
filtered and chromatographed on a DG-10 (Bio-Rad) gel-filtration column. The carbohy- 
drate fraction that eluted in the void volume was lyophilized (yield, 15 mg). 

Isolation of rhamnose.-3-O-(1-carboxyethyl)rhamnose ([ CK]~ + 10”) was isolated 
from a 2 M CF,CO,H hydrolyzate of I? stutteri EPS by anion-exchange chromatogra- 
phy on DEAE-Sepharose CL-6B and then hydrolyzed with BCl, as previously described 
[14]. Pure rhamnose was isolated by anion-exchange chromatography as before. 

Acknowledgments 

The authors thank Ms. Joanne O’Connor and Ms. Janine Brouillette for their 
technical assistance. 

References 

[l] N.J. Palleroni, in N.R. Krieg and J.G. Holt (Eds.), Bergey’s Manual of Determinative Bacteriology, 1, 
Williams & Wilkens, Baltimore, 1984, pp 141-219. 

[2] S.F. Osman, W.F. Fett, and M.L. Fishman, J. Bacterial., 166 (1986) 66-71. 
[3] S.F. Osman and W.F. Fett, J. Bacterial., 171 (1989) 1760-1762. 
[4] SF. Osman and W.F. Fett, Carbohydr. Rex, 199 (1990) 77-82. 
[5] SF. Osman and W.F. Fett, Carbohydr. Rex, 242 (1993) 271-275. 
[6] W.B. Severen and J.C. Richards, J. Am. Chem. Sot., 115 (1993) 1114-1120. 
[7] AS. Perlin and B. Casu, in G.O. Aspinall (Ed.) The Polysaccharides I, Academic Press, NY, 1982, pp 

133-193. 
[8] J.R.W. Govan, J.A.M. Fyfe, and T.R. Jarman, 1 Gen. MicrobioL, 125 (1981) 217-220. 
[9] A.M. Fiahlo, N.A. Zielinski, W.F. Fett, A.M. Chakrabarty, and A. Berry, Appl. Environ. Microbial., 56 

(1990) 436-443. 
[lo] J.B. Goldberg, W.L. Gorman, J.L. Flynn, and D.E. Ohman, 3. BacterioL, 175 (1993) 1303-1308. 
1111 M. Kinns and J.K.M. Saunders, J. Magn. Reson., 56 (1984) 518-520. 
[12] H. BjGmdal, C.G. Hellerqvist, B. Lindberg, and S. Svensson, Angew. Chem. Int. Ed., En&, (1970) 

610-619. 
[13] G.J. Gerwig, J.P. Kamerling, and J.F.G. Vliegenthart, Carbohydr. Res. 77 (1979) l-7. 
[14] T.G. Bonner and E.J. Boume, Methods Carbohydr. Chem., 2 (1963) 206-207. 


