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The yeast Candida boidinii ATCC 32195 produces a cell-bound red pigment during growth on 
1% ethanol in the presence o f  0.05% monofluoracetate. Its isolation and purification are described. 
The structure was elucidated by chemical degradation and physical methods, mainly mass and 
nuclear magnetic resonance spectroscopy.

Introduction

Several m icroorganism s show conspicuous col­
ouring caused by excretion o f colouring m atter into 
the m edia or pigm entation o f the cell. O ften caro- 
tenoides, phenazine and pyrrole com pounds, as well 
as azaquinones and anthocyanes, are responsible for 
these findings. Among the red com pounds produced 
by bacteria prodigiosin from  Serratia marcescens [1] 
and some analogous substances such as undecyl- 
prodigiosin from Streptomyces longisporusruber [2, 3] 
and a cyclic pigm ent from Alteromonas rubra [4] are 
well known examples.

In the case of yeasts red pigm ents are form ed by 
Candida pulcherrima [5] and Candida Upolytica [6]. 
The first yeast produces pulcherrim in, a red pyra- 
zine derivative, the latter the antib io tic tryp tanthrin , 
derived from L-tryptophan. F requently  the pigm ents 
are secondary m etabolites and are produced mostly 
under growth lim iting conditions. The red pigm ent 
o f the yeast Candida boidinii, first investigated be­
cause o f utilization of m ethanol as sole carbon 
source [7], was observed during studies on citrate 
accum ulation in the presence o f inhibitors [8]. The 
presence of m onofluoracetate, besides ethanol as the 
carbon source, seemed to be a prerequiste for 
pigm ent formation.

M ethods

Medium and cultivation conditions
The yeast Candida boidinii ATCC 32195 was 

grown in a synthetic m edium  described by Sahm
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and W agner [7]. Only m ethanol was entirely re­
placed by ethanol and 0.05% sodium  m onofluorace­
tate was added to the synthetic m edium . The organ­
ism was cultivated batchwise in a 801 bioreactor 
(type b 50, G iovanola Freres SA, M onthey, Switzer­
land) fitted w ith an intensor system. 69.5 1 synthetic 
m edium  was inoculated with 0.5 1 o f a 24 h-culture 
o f Candida boidinii in the sam e m edium . Incubation 
was perform ed at 30 °C  with a stirring rate o f 
1000 m in -1 and an aeration rate o f 0.3 vvm w ithout 
adjustm ent o f the pH. After 72 h the cell suspension 
was harvested by centrifugation at 6000 rpm  for 
20 m in and washed twice with 0.9% sodium  chloride 
solution.

Isolation and purification o f  the red pigm ent (1)

The wet biom ass, 840 g from 70 1-fermentation, 
was extracted three tim es with 1.2 1 acetone until the 
red colour was rem oved from the yeast. The water- 
containing acetone solution was evaporated at 30 °C  
under reduced pressure, the water-pigm ent-sus- 
pension was acidified to pH 3 and extracted three 
tim es w ith 200 ml CC14. The extracts were dried 
w ith sodium  sulfate and evaporated to a viscous 
residue which was applied to a short silica gel 
colum n (Kieselgel W oelm, IC N -Pharm aceuticals 
G m bH , Eschwege). E lution with CC14, C C l4/acetone 
(25:1) and CC l4/acetone (9:1) led to separation  of 
lipophilic products. F urther elution with CC14/  
m ethanol (4 :1 ) yielded the crude pigm ent. After 
evaporation o f the solvent under reduced pressure 
the crude pigm ent was chrom atographed on 
plates with silica gel 60 PF 254/366 (M erck, D arm ­
stadt) using to luene/d ioxane/acetic  acid (45; 15:1.5)
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as solvent system. The /?f-values o f three red com ­
ponents were as follows: 0.59 (main component), 0.49, 
0.39. The pigm ent bands were eluted im m ediate­
ly from  plates w ith CC14/C H 30 H  (4 :1 ), the result­
ing solutions were washed with w ater and evaporat­
ed to dryness.

The purified pigm ent from the m ain com ponent 
was obtained by dissolving the residue in CC14/  
C H 3OH (9 :1 ) and precipitating the red pigm ent by 
dropwise addition  o f «-hexane. The yield was 30 mg 
o f a red am orphous substance with a melting region 
of 197-203 °C.

Spectral methods

U ltraviolett and visible absorption spectra were 
obtained with a Beckm an model 25 spectrophotom ­
eter.

JH and 13C nuclear m agnetic resonance spectra 
were recorded at am bient tem perature, at 400 and 
100 M Hz respectively, on a Bruker W M -400 N M R  
spectrom eter operating  in the F ourier transform  
m ode and locked to the deuterium  resonance o f the 
solvent, CD C I3. Shifts are reported in ppm  relative 
to TMS. XH nuclear O verhauser enhancem ent (nOe) 
difference spectra were recorded using the standard  
software package. The mass spectra were recorded 
on the A.E.I. MS-9 (high resolution) and MS-30 
(field desorption, gc/m s) instruments. F or the 
infrared spectra an Perkin-Elm er IR  521 spectropho­
tom eter was used.

M ethylester o f  red pigm ent (2)

44 mg o f the red am orphous pigm ent (1) o b ­
tained as described above were dissolved in 130 ml 
hot m ethanol. A fter adding 2 mg o f / 7-toluene 
sulfonic acid the solution was stirred at room  tem ­
perature for 4 h. M ethanol was removed and 
replaced by C H 2C12. The organic solution was 
washed with 20 ml water and dried  over N a2S 0 4. 
The solvent was reduced under vacuum  and the 
pigm ent purified by thin layer chrom atography on 
silica gel w ith «-hexane/acetone (3 :2). R r values: 
0.59 (m ain com ponent), 0.53, 0.47. The m ain red 
nonpolar band o f the m ethylester was scraped from 
the plate (36 mg).

p-Bromphenacylester o f  red pigment (3)

30 mg o f the red pigm ent (1), 20 mg triethylam ine 
and 60 mg /?-brom phenacylbrom ide in 35 ml acetone

were stirred for 4  h. After filtration o f the pre­
cipitated  trie thylam m onium  brom ide the solution 
was reduced in vacuum  and chrom atographed on a 
silica gel p late w ith «-hexane/acetone ( 3 : 2 ) .  Elution 
o f the red band at the /?r value of 0.56 with 
CHCI3/CH3OH (9 :1 ) from the plate led to 24  mg 
(59%) o f /7-brom phenacylester.

Chromic acid and chromate degradation 
o f  the red pigm ents ( 1) and  (2)

O xidative degradation  o f the original red pigm ent 
(1) and of its m ethylester derivative (2) was carried 
out on silica gel plates a) w ith chrom ic acid ( 1%) in 
2 n  H 2S 0 4 and b) with sodium  dichrom ate in the 
presence of potassium  hydrogen sulfate according to 
the m ethod o f R üdiger [9].

Bayer- Villiger oxidation o f  p-bromphenacylester (3 )

The Bayer-Villiger oxidation on (3 ) was per­
form ed using ra-chloroperbenzoic acid and tri- 
fluoracetic acid. A fter saponification with 1N N aO H / 
dioxane ( 1 : 1) and esterification with diazom ethane 
the reaction m ixture was analyzed by coupled gas 
chrom atography and mass spectrom etry.

Results and D iscussion

Formation o f  the red pigm ent (1)

The form ation o f the red pigm ent (1) (see Fig. 1) 
is not growth associated which is characteristic for a 
secondary m etabolite. In the exponential growth

1 R = H

2 R = C H3

3 R=CH2-C 0-C 6Hi -Br

Fig. I. Structure o f  the red pigment (1) and its synthetic 
methylester (2) and /?-bromphenacylester (3) derivatives.
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phase with a specific growth rate o f 0.18 h _1 no 
pigm ent is produced bu t is form ed during the 
subsequent stationary growth phase and reached the 
highest value after 72 h. The facultative m ethylo- 
trophic Candida boidinii produces the pigm ent only 
in the presence o f fluoracetate, the precursor o f the 
aconitase inhibitor, fluorcitrate. The unique m olec­
ular structure o f the red pigm ent, w hich is so far 
unknown, com bines precursors o f bile pigm ents with 
products o f fatty acid biosynthesis.

The red pigm ent (1) displayed no antim icrobial 
activity against Escherichia coli, Bacillus subtilis, 
Staphylococcus aureus, Candida albicans, Schizo- 
saccharomyces pombe, and M ucor hiemalis.

Isolation and purification o f  the red pigm ent (1)

The red pigm ent was extracted from  the wet 
biom ass with acetone and purified by silica gel 
chrom atography, leading to 30 mg o f  a red am or­
phous substance. By new chrom atography o f the two 
m inor red com ponents (yield: 1 mg) the original 
three om ponents o f the extract were observed again, 
indicating an isom eric state o f a single com pound. 
The m ain com ponent, which had given a single 
band, also formed several bands after repeated  
chrom atography on silica gel using the sam e solvent 
system. F or bile pigm ents it is well know n [10] that 
esterification improves the ir stability w ithout a ltera­
tion o f their structure. However, for 1 no single 
methyl derivative could be prepared, even after 
treatm ent with m ethanol and p-toluene sulfonic acid.

Identification o f  the red pigm ent

Structural studies were carried ou t w ith the 
original red pigm ent ( 1), w ith the m ono-m ethyl (2) 
and the /?-brom phenacylester (3) derivatives (see 
Fig. 1). The absorption m axim a o f the original red 
pigm ent and its m ethyl derivative were at 555 nm 
and 325 nm indicating a conjugated system of 
double bonds. No optical activity could be detected, 
neither by ORD nor by CD spectroscopy. The 
infrared spectrum o f 1 showed the following absorp­
tion characteristics (cm -1): 3430 (NH , O H); 2920, 
2850: aliphatic -  C H 2 1715, 1690: unsaturated  ring 
ketone C = 0  (strong); 1640, 1590: C = N ; 1520: 
pyrrole C = C  (strong). By field desorption  mass 
spectrom etry the m olecular ion o f 1 was found at 
m /e  562. On high resolution m ass-spectrom etry the 
sufficiently volatile m ethylester 2 gave a m olecular

ion at m /e  576, 3197 which corresponds to the 
em pirical form ula C 34H 440 6N 2 (calculated: 576, 
3199). F rom  these data as well as from the absorp­
tion characteristics o f the visible and infrared spectra 
a conjugated system of two pyrrole rings and three 
further double bonds were suggested. The high 
intensity o f the m olecular ion at m /e  576 reflects the 
stability o f the fully conjugated system. The ac­
com panying lower mass peaks account for the suc­
cessive fragm entation of a propionic ester chain: m /e  
561 (M +-CH 3), 545 (M +-OCH 3), 517 (M +- C 0 2C H 3), 
503 (M +-CH 2C 0 2C H 3), 489 (M+-CH2C H 2C 0 2C H 3). 
The stability o f the fully conjugated pigm ent was 
analogous to that o f alkylated dipyrrom ethenes 
in which the fragm entation occurs prim arily  
at the side-chain position rather than at the me- 
th ine bridge. As the m olecular ion was even-num- 
bered and, in addition, the elemental analysis of 
this com pound (C34H44O eN 2; calculated: C 70.83, 
H 7.63, 0  16.66, N 4.86; found: C 70.60, H 8.51,
O 16.67, N 4.29) did not allow three nitrogen atoms, 
two conjugated pyrrole rings as well as one other 
conjugated ring was indicated. In order to prove 
these structural characteristics the original acidic 
pigm ent ( 1) and its m ethylester derivative (2) were 
degraded oxidatively with sodium  dichrom ate as 
well as with chrom ic acid. The procedures are 
reported as m ild techniques in structural studies o f 
bile pigm ents [9]. In the presence o f potassium  
hydrogen sulfate (pH 1.7) bile pigments are degrad­
ed to im ides by sodium  dichrom ate w ithout hydro­
lysis o f the ester bonds. On such oxidations the rings 
B and C o f biliverdine led to pyrrole dialdehydes as 
interm ediates in im ide form ation. Both red com ­
pounds 1 and 2 were oxidized according to this 
procedure for 2 h with sodium  dichrom ate. After

CCUR

\

5 R = H
5 a  R = CBj

Fig. 2. Oxidative degradation products o f  the red pigment
( 1) and its synthetic methylester derivative (2).
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Fig. 3. 400 MHz 'H-NM R spectrum o f 2 in CDC13.

developm ent o f the thin layer plates in the solvent 
system C C l4/ace tic  acid ethylester/cyclohexane 
(5 :3 :1 )  m ethylvinylm aleim ide (4) and hem atic acid 
im ide (5) (see Fig. 2) could be detected with 
ch lorine/to lu id ine in the case o f the original 
red pigm ent (1). The polar im ide (5) could be 
esterified by m ethanol//?-toluenesulfonic acid to the 
m ethylester (5 a). The /?f-values o f 0.26 o f this ester 
and 0.43 were in accordance with authentic im ide 
samples, derived from oxidation o f biliverdine. O xi­
dation  o f the m ethylester derivative (2) o f the red 
pigm ent led to hem atinic acid im ide m ethylester 
(5 a) as well as m ethylvinylm aleim ide.

The analogous degradation o f 1 and 2 with chro­
mic acid only gave hem atim ic acid im ide or 
hem atim ic acid im ide methylester, the latter was 
hydrolyzed w ithin 4 h to the acid form. The 
three reaction products were separated on silica gel 
plates and subjected to mass spectral analysis. The 
relative intensities o f the m olecular and other ions, 
characteristic fragm entation pattern as well as the 
m etastable ions are identical with the literature data

for these known im ides. P relim inary N M R  m ea­
surem ents indicated a long alkyl chain attached to 
the chrom ophore system. Thus to study the re­
m ainder o f the m olecule, the /?-brom phenacylester 
(3) was subjected to a Bayer-Villiger oxidation. After 
saponification  and esterification dodecanoic acid 
m ethylester as the solely fatty acid derivative was 
identified by gc/m s spectroscopy. This result showed 
that a 11-m em bered alkyl chain is bound to the 
conjugated system via a keto group.

F u rthe r structural elucidation required  the analy­
sis o f the *H and 13C N M R  spectra o f 1 to 3. The 
400 M Hz *H N M R  spectrum  of the methyl ester (2) 
is shown in Fig. 3. C om parison o f this with the 
known spectra o f the bile pigm ents allows im m ediate 
identification  o f two pyrrolic methyl groups at 2.09 
and 2.17 ppm , a m ethyl propionic ester group with 
chem ical shifts at 2.56 (t), 3.06 (t) and 3.67 (s) ppm  
and the ABX spin system o f a vinyl group with 
chem ical shifts at 5.70, 5.76 and 6.62 ppm , respec­
tively. Three sharp  m ethine singlet signals, each 
corresponding to one proton, are found at 5.94, 6.03
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and 8.15 ppm , and two broad singlet peaks at 8.26 
and 16.17 ppm  corresponding to N H  and a hydro­
gen-bonded enolic OH, respectively.

As the assembly of the various units in the 
m olecule could not be reliably deduced from  the 
shift data  *H nOe difference spectra were recorded. 
Irradiation  o f the methyl group at 2.14 ppm  gave 
pronounced nOe effects for the singlet at 6.03 ppm  
and the m ethylene groups at 2.56 and 3.06 ppm  of 
the propionic ester group. Irradiation  o f the m ethyl 
group at 2.09 ppm  caused a significant effect for the 
signal o f the vinyl group at 5.70 ppm  and a sm aller 
effect on the signal at 6.62 ppm  o f the sam e group; 
no effect upon any of the m ethine peaks was 
observed. Conversly irradiation  o f the m ethine signal 
at 6.03 ppm  caused effects upon the vinyl group 
signal at 6.62 ppm  and the methyl group at 
2.14 ppm. This data indicates the pyrrole rings are 
substituted as shown in Fig. 4 and have a m ethine 
bridge with a Z  configuration.

An nOe effect on the signal 
observed upon irradiation  of 
5.94 ppm. This was confirm ed
2.44 ppm  which caused effects
1.66 ppm , and indicates that this m ethine proton is 
in close proxim ity to the a-m ethylene o f the long 
alkyl side chain. F inally irrad ia tion  o f the lowest 
field m ethine signal at 8.15 ppm  caused a small 
effect upon the low field m ethylene signal o f the 
propionic ester side chain.

Hence the 'H  data  and o ther physical and chem i­
cal data allow the following structures shown in 
Fig. 5 to be proposed.

The 13C data are given in Table I. The assignments 
of the hydrogen-bearing carbons follows from  the 
single frequency off-resonance proton decoupled 
spectrum  and com parison with literature data. Al­
though the quaternary carbons can not be un­
am biguously assigned, their general shift position

at 2.44 ppm  was 
the m ethine at 

by irrad ia tion  at 
at 5.94 ppm  and

15 16 17

^H 2-C 02CH3

Fig. 4. Partial structure o f dipyrromethene part o f 2 from 
’H nOe data.

I II

III IY
n-CuH11 23

n - C-m H11 23

Fig. 5. Possible structures o f 2 from 'H-NM R data and 
other physical and chemical data. X corresponds to the 
partial structure shown in Fig. 4.

are com patible w ith the proposed structures. O f 
particu lar interest are the two m ethine carbon 
signals at 107.73 and 136.63 ppm  which correlate 
with the proton signals at 5.94 and 8.15 ppm , re­
spectively, and have ^ (C H ) values o f 172.4 and
154.1 Hz, respectively (determ ined from a proton 
coupled 13C spectrum ). Inspection of the literature

Table I. 13C N M R  data for 2 in CDCL.

(i) Hydrogen-bearing carbons
Shift M ultiplicity a Assignment b JJ(CH)

9.50
9.87

q
q

10, 13

14.15 q 18
19.97 t 14
22.73 t 19
26.34 t 27
2 9 .0 8 - 29.75 2 1 -2 6
31.95 t 2 0

33.89 t 28
35.35 t 15
51.86 q 17
94.72 d 5 160.2

107.73 d 3 3 c 172.4
123.88 t 1 2 160.2
125.99 d 1 1 155.6
136.63 d 3 4 c 154.1

(ii) Quaternary carbons at:
128.26, 129.96, 133.57, 140.38, 140.50, 140.80, 141.32, 
165.87, 167.74, 168.39, 171.54, 172.29(16), 182.30(29)

a From SFO RD 13C spectrum. 
b For numbering see Figs. 4 and 5. 
c See text.
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data for furan [11] and 4-pyrone [12] indicates that 
for the above four systems :J(CH ) values for carbons 
a to the ring oxygen should be approx. 200 Hz and 
approx. 170-175 Hz for /?-carbons. Thus the data for
2 are only com patible with the signal at 107.73 ppm  

arising from a /?-carbon and hence structure I o f 
Fig. 5 is the most likely structure for 2. This is also 
com patible with the nOe data for the attached 
proton which interacts w ith the a-m ethylene o f the 
long alkyl side chain. The second m ethine carbon, 
w ith a XJ(CH ) value o f 154.1 Hz, has to be assigned

to the carbon adjacent to the second pyrrole ring 
and this value is in keeping with ^ (C H ) values of 
approx. 154 Hz found for the bridge m ethine car­
bons in the bile pigm ents [13].

Lactam -lactim  and keto-enol tautom erism  would 
then account for the problem s encountered in the 
preparation and separation  o f these compounds.
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