
Identical Pyoverdines from Pseudomonas fluorescens 9AW and from 
Pseudomonas putida 9BW*
H. Budzikiewicz, S. Kilz, K. Taraz3, J.-M. M eyerb
a Institut für Organische Chemie der Universität zu Köln, Greinstr. 4,

D-50939 Köln, Germany 
b Laboratoire de Microbiologie et de Genetique, Universite Louis Pasteur,

Unite de la Recherche, Associee au Centre National Scientifique no 1481,
28 rue de Goethe, F-67000 Strasbourg, France

Z. Naturforsch. 52c, 721-728 (1997); received September 3/September 29, 1997
Pseudomonas fluorescens, Pseudomonas putida, Pyoverdine, Siderophore,
Bacterial Classification

From Pseudomonas fluorescens 9AW and from Pseudomonas putida 9BW identical pyo- 
verdine-type siderophores were isolated and their structures were elucidated by spectroscopic 
methods and degradation studies. These novel compounds are of interest as they contain 
L-threo-ß-hydroxy histidine in their peptide chains, an amino acid sofar encountered in nature 
only rarely. The co-occurence of the same pyoverdine in different Pseudomonas species and 
its significance for the classification is discussed.

Introduction
Iron possesses two stable oxidation states (Fe2+ 

and Fe3+) and the redox potential between them  
;an  be influenced strongly by complexing ligands, 
[t plays, therefore, an im portant role for many re ­
dox processes in biological systems. D ue to the low 
solubility of its various oxide hydrates the concen­
tration of free Fe3+ in the soil is at best about 
IO- 17 mol/1 at pH  values around 7. To m aintain a 
sufficient supply of iron, soil bacteria excrete 
^a te r soluble low m olecular weight com pounds 
.vith high complexing constants for Fe3+. A  struc­

\bbreviations: Common amino acids, 3-letter code; 
DHHis, ß-hydroxy His; c-OH-Orn, cyclo-N5-hydroxy 
Drn (3-amino-l-hydroxy-piperidone-2); TAP, trifluoro- 
icetyl (amino acid) O-isopropyl ester; GC/MS, gas chro- 
natograph coupled with a mass spectrometer; FAB-MS, 
ast atom bombardement mass spectrometry; ESI, 
lectrospray ionisation; RP-HPLC, reversed phase high 
performance liquid chromatography; NMR-techniques: 
ÜOSY, correlation spectroscopy; NOESY, nuclear Over- 
iauser and exchange spectroscopy; ROESY, rotating 
rame nuclear Overhauser and exchange spectroscopy; 
TOCSY, total correlated spectroscopy; HMBC, hetero- 
luclear multiple bond correlation; HMQC, hetero- 
iuclear multiple quantum coherence; DSS, 2,2-dimethyl- 
-silapentane-5-sulfonate; TMS, tetramethylsilane; 
1VEP, high voltage paper electrophoresis.
Part LXXIII of the series “Bacterial Constituents”. For 
part LXXII see Budzikiewicz et al. (1997).

leprint requests to Prof. Dr. H. Budzikiewicz. 
elefax +49-221-470-5057.

turally interesting type of these so-called sidero­
phores is produced by the fluorescent group of the 
genus Pseudomonas referred  to as pseudobactins 
or m ore commonly as pyoverdines (Budzikiewicz, 
1993). Their com m on structural feature is a dihy- 
droxyquinoline nucleus responsible for the yellow- 
ish-green fluorescence which gave the nam e to the 
“fluorescent” pseudom onads. It is one of the bind­
ing sites for Fe3+; the o ther two necessary to form 
an octahedral com plex are contained in a peptide 
chain attached to the quinoline chrom ophore. It 
contains 6 to  12 am ino acid (both d and l). These 
binding sites are either two hydroxam ate units 
derived from O rn or one hydroxam ate and one 
a-hydroxy carboxylate. The various fluorescent 
Pseudomonas spp. or even strains produce pyover­
dines differing in their peptide chains responsible 
for the recognition at the cell surface (H ohnadel 
and M eyer, 1988).

We now wish to report the isolation and struc­
ture elucidation of a pyoverdine which is rem ark­
able in a twofold way: The a-hydroxy acid com ­
monly encountered in pyoverdines is threo-ß- 
hydroxy A sp while here threo-ß-hydroxy His was 
found, an am ino acid which has been sofar en ­
countered in nature only in exochelin MN from 
Mycobacterium neoaurum  (Sharm an et al., 1995) 
and in a pyoverdine from  Pseudomonas fluo­
rescens 244 (H ancock et al., 1993), while the ery- 
thro-isom er was found in the bleomycins (Koyama
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et al., 1973). Secondly, pyoverdines are highly spe­
cific regarding the recognition by the excreting 
Pseudomonas strain. The fact that the same pyo­
verdine could be isolated both from  a Pseudo­
monas fluorescens and a P. putida strain rises clas­
sification problem s wich will be discussed below.

Material and Methods

Instruments

Mass spectrom eter: Finnigan-M AT HSQ-30 
(FAB: m atrix thioglycerol), Finnigan-M AT 900ST 
(ESI; aquous solution 5 pmol/|.il); K ratos MS 25 
RFA (GC/M S). Sample preparation  by adsorption 
on Sep-Pak RP-18, rem oving of inorganic m aterial 
with H 20 , desorption with C H 30 H /H 20  1:1 and 
drying i.v.

NMR: B ruker AM  300 ( 'H  300, 13C 75.5 M Hz), 
B ruker D R X  500 ( !H  500, 13C 125 M Hz). Chem i­
cal shifts are given relative to TMS with the in­
ternal standard DSS silapentane-5- using the re la­
tions ö(TM S) = ö(DSS) for ‘H and 6 (TMS) = 
d(DSS) -  1.61 ppm for ,3C. Samples: 12 mg desf- 
erri- l a  were twice dissolved in 0.5 ml D 20  and 
brought to dryness i.v. at 30 °C. The dry substances 
were redissolved in 0.6 ml phosphate buffer (D 20 /  
H 20  1:9 v/v; pH  4.3).

UV/Vis: Perkin-E lm er Lam bda 7 and Hitachi 
200; 1 mg substance in 20 ml 0.1 m phosphate 
buffer.

Chrom atography: H PLC Knauer, column 
Nucleosil 100-C18, 5 [im, Kromasil 100-C4 (5m|.i) 
and N ucleodex-ß-OH (M acherey & Nagel, 
D üren); GC Carlo Erba H R G C  4160, FID  detec­
tor, column Chirasil-L-Val (Chrom pack, M iddel­
burg, NL); column chrom atography CM -Sephadex 
C-25 (Pharm acia, Uppsala, S), XAD-4 (Serva, 
H eidelberg), BioGel P2 (Bio-Rad, R ichm ond, 
U SA ), Sep-Pak RP-18 (W ater, Milford, GB).

HVEP: Camag H V E system 60600, paper MN 
261 (Camag, M uttenz, CH). The samples were dis­
solved in citrate/HCl buffer (M erck, D arm stadt) 
(pH  4.0) or in 0.5 m phosphate buffer (pH  6.9), 
standard desferal and glucose.

Isoelectrofocussing electrophoresis (IEF): Bio- 
R ad m odel 111 (Ivry sur Seine, F) using a Mini 
IE F  cell with 125x65x0.4 mm polyacrylamide (5% ) 
gel containing ampholine Byolyte 3/10 following 
the procedure recom m ended by the m anufacturer.

Production, Isolation and Derivatisation 
o f  the Pyoverdines

Pseudomonas fluorescens 9AW or Pseudomonas 
putida 9B W, both isolated at the Schirmacher Oasis 
A ntarctica (Shivaji et al., 1989) were grown foi 
72 hrs. in a medium consisting of 4 g succinic acid 
6 g K2H P 0 4, 3 g K H 2P 0 4, 1 g (N H 4)2S 0 4 and 0.2 g 
M g S 04.7H20  in 1 1 H 20  (pH  adjusted to 6.5 witl 
10% K OH). A fter removal of the cell m aterial b) 
centrifugation the culture m edium was adjusted tc
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pH  6.0 and passed through a XA D -4 resin column. 
The pyoverdine-containing fraction was subse­
quently eluted with C H 30 H /H 20  1:1 (v/v) and lyo- 
philized. To 180 mg of the lyophilized m aterial dis­
solved in 25 ml H 20  (bidest.) 3 ml of a 3% solution 
of Fe(III)citrate in H 20  were added and H 20  was 
rem oved i.v. at 30 °C. The dry residue was redis­
solved in 2 ml 0.1 m C H 3C O O H  (pH 2.7) and chro­
m atographed on BioGel P-2 with 0.1 m C H 3C O O H . 
From the fractions showing an absorption at 
405 nm C H 3C O O H  was rem oved i.v. at 30 °C by 
adding several times H 20 , evaporation to dryness 
and subsequent drying at 0.1 torr. The fractions 
containing the ferri-pyoverdines were dissolved in 
1 ml 0.2 m pyridinium acetate buffer (pH  5.0) and 
chrom atographed on CM -Sephadex C-25 with 0.2 
m pyridinium acetate buffer. C hrom atography was 
repeated and from the brown fractions the buffer 
was rem oved i.v. at 30 °C by adding several times 
H20  and bringing to dryness. For the structure elu­
cidation described below the pyoverdines from 
Pseudom onas fluorescens 9AW were investigated 
in detail. D epending on the time needed for the 
work-up varying am ounts of ferri-la  and - lb  could 
be obtained ( la  is a hydrolysis product of lb ; cf. 
Schäfer et a l., 1991), yield together ca. 17 mg. Ferri- 
lb  was transform ed into ferri-la  by letting stand an 
aquous solution (pH 9.0) for 10 days at room  tem ­
perature (Geisen et al., 1992). D ecom plexation was 
achieved by dissolving the fe rri-la  in 1% aquous 
citric acid and shaking several times with a 5% solu­
tion of 8-hydroxyquinoline in CHC13 (Briskot et al.,
1986). The free pyoverdines were purfied by chro­
matography on Bio-Gel P2 with 0.1 m acetic acid. 
For qualitative and quantitative analysis of the 
amino acids, determ ination of their configuration 
and dansyl derivatisation of free amino groups see 
Briskot et al. (1986) and M ohn et al. (1990).

For the identification of O H H is 5 mg l a  were 
hydrolized with 6 m HC1 at 110 °C for 21 hrs, the 
lydrolysate was adsorbed on a Sep-Pak RP-18 car­
tridge and the amino acids were eluted with H 20 . 
rhe eluate was brought to dryness i.v., three times 
edissolved in H 20  and finally dried for 30 min at 
).l torr. A fter dansylation (see above) the purified 
iansylated amino acids were chrom atographed on 
<romasil using a gradient C H 3O H / 20 mM 
3H 3C O O H  going from 20 to 100% C H 3O H  v/v 
detection at 254 nm). Com parison with authentic 
naterial (Weber, 1997) and co-injection identified

the isolated product as dansyl-threo-OHHis. Sub­
sequent chrom atography on Nucleodex using a 
gradient C H 3OH/50 m M  C H 3C O O N H 4 buffer 
(pH  6.1) going from 10 to 100% C H 3O H  v/v (de­
tection at 254 nm) and com parison with authentic 
m aterial including co-injection established the 
L-configuration.

To establish the position of d -  and L-Ser in the 
molecule la  was hydrolyzed for 30 min. The hy­
drolysate was adsorbed on a Sep-Pak RP-18 car­
tridge which retains the fractions containing parts 
of the peptide chain bound to the chrom ophore 
while peptides and amino acids not bound to 
the chrom ophore can be eluted with 0.1 m 

C H 3C O O H . The retained m aterial was desorbed 
with C H 30 H /H 20  8 :2 v/v. The chrom ophore-con- 
taining petides were separated by chrom atography 
on Bio-Gel P2 with 0.1 m C H 3C O O H  (detection 
at 254 nm). The molecular masses of the various 
fractions were determ ined by ESI-MS; the one 
whose mass corresponded to chrom ophore plus 
Ser was hydrolyzed for 21 hrs. In this way D-Ser 
could be identified after TAP-derivatization and 
chrom atography on a chiral column (see above).

E dm an-degradation of la  (cf. Tarr, 1977). To
1 mg l a  dissolved in 20 ml H 20/pyrid ine 1:1 (v/v) 
10 ml of a 10% solution of phenylisothiocyanate 
in pyridine was added. The solution was degassed 
with N2 for 10 sec and heated to 37 °C for 1 hr. The 
reaction m ixture was extracted twice with 30 ml 
hexane/ethyl acetate 10:1 (v/v) each and 4 times 
with hexane/ethyl acetate 1:1 (v/v). A fter removal 
of the solvents from the aquous phase i.v. the resi­
due was dried at 0.1 torr over P4O 10 for 1 hr. The 
residue dissolved in 10 ml w aterfree CF3C O O H  
was degassed wirth N2 for 10 sec and m aintained 
at 37 °C for 30 min. The solvent was rem oved i.v., 
the residue was kept over solid N aO H  i.v. for 
30 min., then dissolved in 20 ml pyridine/H20  1:2 
(v/v) and extracted 3 times with 30 ml hexane/ 
ethyl acetate 1:1 (v/v). The aquous phase was 
brought to dryness i.v. The residue was than dansy- 
lated and subsequently hydrolyzed (cf. above).

Results

Characterization o f  l a  from  
Pseudom onas fluorescens 9A W

The UV/Vis-spectra of la  (A. nm, E cm2 • m m o l '1; 
pH  7.0: 399, 15511; 227, 30771; pH 3.0: 374, 6244;
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362, 6516; 245, 8826; 218, 19904) and of ferri-la  
(pH 7.0; 401, 15386; 262, 12821; 231 32701; plus 
broad charge-transfer bands at about 470 (465, 
3618) and 560 nm (546, 1950)) are typical for pyo­
verdines (Budzikiewicz, 1993). The m olecular 
mass as determ ined by FAB- and ESI-M S was 
1043 u. A fter total hydrolysis the following amino 
acids could be identified: L-threo-OHHis (by 
H PLC), L-Lys, L-OH-Orn, D-Ser, L-Ser, D-alloThr 
(by G C as TAP derivatives). The electrophoretic 
mobility of la  (cf. Poppe et al., 1987) showed +1 
charge at pH  6.9 and +2 charges at pH  4.0. The 
chrom ophore and Lys are protonated at pH  6.9, 
the succinate side chain provides -1  charge (2  + 1). 
The additional positive charge at pH  4.0 comes 
from the imidazole ring of O H H is (pK s l 3.68, 
pK S2 5.29; M ooberry et al., 1980).

To determ ine which N H 2-group (a  or e) is free 
in la  ferri-la  was dansylated and hydrolyzed. 
£-Dansylamino-Lys could be identified by H PLC 
using authentic comparison m aterial. O ther dansy­
lated amino acids (esp. a-dansylam ino-Lys) were 
not detected. This result was confirmed by the fail­
ure of an Edm an degradation. Especially after 
dansylation and hydrolysis no dansyl-O H H is (or 
any o ther dansylated amino acid) could be de­
tected. It follows that no cleavage of the molecule 
had occurred and hence no free a-am ino group 
was present. Note that no e-dansylamino-Lys 
could be found either; apparently the e-amino 
group had reacted with phenylisothiocyanate.

From  partial hydrolysis a fragm ent containing 
the chrom ophore and Ser could be isolated; sub­

sequent hydrolysis gave D-Ser as identified after 
TA P-derivatization by GC on a chiral column. 
Thus the N-term inal amino acid of the of the pep­
tide chain bound to the chrom ophore is D-Ser.

Sequence determ ination by N M R

For a detailled discussion of the NM R-tech- 
niques see Evans (1995). H .H-COSY shows 3J- 
coupling of H -C-C-H while 4J- and 5J-coupling 
within one am ino acid residue can be detected by 
TOCSY. The single amino acids can be identified 
by these techniques corroborated  by shift values in 
com parison with literature data. D irect (U) C,H- 
connections can be determ ined by HM QC, 2J- and 
3J-C,H-coupling by HMBC. Peptide sequencing is 
possible by R O ESY  which by resorting to Nuclear 
O verhauser Effects allows a correlation between 
an N H -proton and spacially close a- and ß-H of 
the preceding amino acid (-CH-CH-CO-NH-).

'H - and 13C -m easurem ents and peptide sequence

The 'H - and 13C-data are assembled in Tables I 
and II. Those of the chrom ophore and of the suc­
cinic acid side chain correspond to the ones ob­
served for o ther pyoverdines (Budzikiewicz.
1993). From  the TOCSY spectrum  the signals ol 
two Ser can be identified. The shifts of the ß-CH2- 
groups (~ 4  ppm ) indicate that the O H-groups are 
not esterified (esterifications results in downfield 
shift of —0.5 ppm ). The low-field resonance of one 
of the N H -protons (9.7 ppm ) is in agreem ent with 
the direct connection with the chromophore-

Table I. ‘H-NMR data of la  (pH 4.3). 

Sue 2' 3'

Chr

2.86

HN

2.79

1 2a 2b 3a 3b 4 HN+ 6 7 10

10.04 5.75 2.66 2.76 3.42 3.75 8.87 7.86 7.00 7.11

HN a ß Y 6 8 h 2n H2' H4'

Ser 9.70 4.40 4.02
Lys 8.51 4.41 1.55 1.10 1.45 2.66 7.54

1.75 2.76
(OH)His 8.63 4.79 5.25 8.59 7.34
aThr 8.46 4.36 4.14 1.19
Ser' 8.65 4.50 3.93
c(OH)Orn 8.58 4.51 1.83 2.00 3.64

2.03 2.03 3.70
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Table II. 13C-NMR data of la  (pH 4.3).

725

Sue CO ( l ') 2 ' 3' COOH (4')

Chr

177.5

CO

31.9

1

31.6

2

180.0

3 4a 5

171.1 57.3 22.6 35.9 150.1 118.4

6 6a 7 8 9 10 10a

139.5 115.4 114.6 144.2 152.0 100.9 132.7

CO a ß y/His 2' 6/His 4' e

Ser 172.2 57.6 61.6
Lys 174.4 54.0 30.7 22.6 26.5 39.7
(OH)His 170.5 58.2 65.6 134.6 117.0
aThr 171.8 59.9 67.4 19.1
Ser' 172.5 56.4 61.8
c(OH)Orn 167.1 51.1 27.3 20.6 52.3

C O O H  (see above). From the shift of the ß-CH  of 
aThr (4.14 ppm ) in the same way as for Ser esteri- 
fication of the OH-group can be excluded. Also 
the values for the e-CH2-group of Lys agree with 
a free N H 2-group and exclude an amide bond in 
accordance with the degradation data. For the 
midazol ring of OHHis two arom atic singlets are 
abserved. The C-terminal N-hydroxy-cyclo-Orn 
shows the typical signals for this system (M ohn 
eta l., 1990). Since all amide N H  could be identi­
fied within the amino acid residues constituing the 
oeptide chain (see Table I) sequence inform ation 
:ould be obtained from the R O ESY  spectra as de- 
Dicted in Fig. 1. In this way the partial structures 
L-Ser-D-aThr-D-OHHis-L-Lys and D-Ser-chromo- 
Dhore-succinic acid can be derived. L-cOHOrn can 
Dnly be the C-terminus of the peptide chain.

Hence the complete squence of l a  amounts to 
L-cOHOrn-L-Ser-D-aThr-D-OHHis-L-Lys-D-Ser- 
chromophore-succinic acid.

M ass spectrom etric evidence

In the ESI-M S spectrum  of l a  after collision in­
duced fragm entation either in the skim m er region 
or in the ion trap  several sequence-characteristic 
ions could be observed arising from cleavages at 
the peptide bonds. They are sum m arized in Fig. 2 
and confirm  the conclusions derived from the 
N M R data.

The pyoverdine isolated from Pseudom onas 
pu tida  9BW  has the same m olecular mass as the 
one obtained from  P. fluorescens 9AW as de te r­
m ined by FAB-MS, the same aminoacid com posi­

ng. 1. Sequence specific NOE cross signals for la.
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m/z 886 * m/z 827-18 * f =
H N . J  

m/z 799-18 **T
O i HO-CH

m/z 462
m/z 445 * 

m/z 417

c i CHr NHV

m/z 131
m/z 218

0ii
„ r  .CHo 

NH CH2 2COOH
Fig. 2. Characteristic ions in the ESI mass spectrum of la (mass numbers without marks: sequence ions observed 
only by skimmer collision activated decomposition (skimmer CA); with *: observed by skimmer CA and in the ior 
trap; with **: observed only in the ion trap).

tion as shown by NM R and chemical degradation 
including the determ ination of the d -  and L-config- 
urations. ESI-MS confirmed the same am inoacid 
sequence. Isoelectrofocussing gave identical pa t­
terns (one m ajor band at pHj = 9.1 and two m inor 
ones at pHj = 8 .80 and 7.80). Thus it can be con­
cluded that P. fluorescens 9AW and P. pu tida  9BW 
produce identical pyoverdines. Cross-59Fe-pyover- 
dine uptake and pyoverdine receptor analysis 
(M eyer et al., 1997) confirmed that the two strains 
also have identical pyoverdine-m ediated iron up­
take systems.

Discussion

Hancock and coworkers (Wang et al., 1990; 
Hancock et al., 1993; Hancock and R eeder, 1993; 
H ancock, 1994) reported a pyoverdine from Pseu­
dom onas fluorescens 244 (pyoverdine Pf244) 
which is probably identical with la: The sequence 
and the stereochem istry of the amino acids of the 
peptide chain are the same (the position of d -  and 
L-Ser had not been determ ined). The only differ­
ence is that in the prelim inary report (W ang et al., 
1990) a linkage between a Ser carboxyl group and 
the E - ra ther than the a-am ino group of Lys is p ro ­
posed “as (NM R) studies on the G a-chelated 
m aterial suggested”, but no data were given and 
the claim was not repeated (and substantiated) in 
the subsequent publications.

The occurence of L-threo-ß-hydroxy His in la  is 
of interest as this rare amino acid had not been

encountered  before in any one of the over 3( 
known pyoverdines. But of greater im portance is 
the fact that l a  is produced both by a P. fluo  
rescens and a P. pu tida  strain.

Pseudom onas  species of the fluorescent group 
can be subdivided into strains (“siderovars” 
which produce pyoverdines differing in their pep 
tide chains and which are recognized for the mos 
part only by the producing strain. Thus, 3 sidero 
vars of P. aeruginosa  are well established (Meyei 
et al., 1997) and for P. fluorescens the complete 
structures of 10 pyoverdines and partial ones foi 
10 m ore are reported  in the literature (cf. Budzi 
kiewicz, 1993). Occasionally, enhanced bacteria 
growth has been observed upon addition of a “for 
eign” pyoverdine to a culture, as for various P. pu  
tida and P. fluorescens strains (Jacques et al., 1995) 
Both, induction of an appropriate receptor proteii 
(Koster et al., 1993) and iron exchange betweei 
the Fe(III) complex of the added and the newh 
form ed own pyoverdine (Gipp, 1987) has been in 
voked as an explanation. It is more rem arkabh 
when pseudom onads classified as different specie 
produce the same pyoverdine. The only unequivo 
cal exam ple sofar is P. fluorescens ATCC 1352 
and P. chlororaphis ATCC 9446 (Hohlneiche 
et al., 1995). In this paper we report the productioi 
of la  both by P. fluorescens 9AW and P. putidt 
9BW (Shivaji et al., 1989).

P. fluorescens (Palleroni, 1984; Palleroni, 1992 
E lom ari et al., 1996) is a collective species whic’ 
originally had been subdivided into 7 biovar
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(A -G ) from which A, B, C, F and G (G  containing 
miscellaneous strains) were retained while D an E 
were separated as P. chlororaphis and P. aureofa- 
ciens mainly upon the production of phenazine 
pigments, viz. the green chlororaphin (a charge- 
transfer complex between phenazine-l-carbox- 
amide and its 5,10-dihydro derivative) and the 
orange phenazine-l-carboxylic acid. M ore recently 
the two biovars D and E were recom bined as 
P. chlororaphis based on nutritional and DN A  
similarity studies (Johnson and Palleroni, 1989). 
The differing nutritional patterns of the various 
biovars are less clear cut. P. fluorescens ATCC 
13525 and P. chlororaphis ATCC 9446 may well be 
borderline species which would explain the form a­
tion of identical pyoverdines.

The main distinguishing feature for P. pu tida  is 
the lack of gelatinase. The species is subdivided 
into the biovars A and B. Biovar B (to which 
P. putida  9BW apparently belongs, Shivaji et al.,
1989) “is phenotypically closer to P. fluorescens 
than to typical P. putida  (biovar A )” (Palleroni, 
1992, p. 3077). The present results confirm  this 
conclusion; should other strains of P. pu tida  (bio­
var B) also produce pyoverdines typical for 
P. fluorescens strains a reclassification should be 
considered.

In any case “in [Palleroni’s (1992, p. 3095)] opin­
ion, differentiation of P. aeruginosa from all o ther 
fluorescent organisms is sharp, but distinction 
am ong the rem aining fluorescent organisms ...  is 
not as clear cut.” The form ation of fluorescent pig­
m ents particularly in iron-deficient media has 
been taken sofar as a general characteristic for all 
species belonging to the fluorescent group, but an 
identification as pyoverdines and a consideration 
of their structural differences has not been taken 
into account. As m ore than 30 different pyover­
dines are known today they should be considered 
as indicators for the classification of P seudom onas  
strains of the fluorescent group which could be 
m ore reliable than nutritional patterns or the for­
m ation or absence of phenazines (from the pub­
lished Tables, Palleroni 1984 and 1992, it can be 
seen that characteristic features as nutritional 
characteristics are rarely observed for 100% of the 
investigated strains).
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