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Bacterial Carotenoids

XXIX.* The Carotenoids of two Yellow Halophilic Cocci —
Including a New Glycosidic Methyl Apo-lycopenoate

A.J. AASEN** G. W. FRANCIS and S. LIAAEN-JENSEN

Organic Chemistry Laboratories, Norway Institute of Technology, Trondheim, Norway

The carotenoid composition of two yellow, halophilic cocci is
reported.

A crystalline apo-carotenoid isolated from strain SE20—4, has
been characterized by spectral properties including mass spectra,
formation of derivatives and glycoside hydrolysis. It is considered
to be the tertiary glycoside methyl 1-hexosyl-1,2-dihydro-3,4-dide-
hydro-apo-8’-lycopenoate (I). The Rp-value of the sugar component
corresponded to that of mannose. Observations on the biosynthesis
of 1 are discussed.

Whereas carotenoids of red halophilic bacteria have attracted considerable
interest,*™* those of the yellow halophilic bacteria have been less closely
examined.? Four years ago we investigated the carotenoids of two yellow
halophilic cocei,® first studied by Baxter.?2 A new apo-carotenoid was isolated.
Further spectroscopic data and glycoside hydrolysis have now permitted the
structural assignment of this compound.

RESULTS AND DISCUSSION
Strain H5B—2

The carotenoid content (0.018 9, of total), consisted of neurosporene
(81 %), a lycopene-like compound (4 9%,) and a dihydroxy-{-carotene-like
compound (15 9,) in agreement with earlier findings.? Neurosporene was
identified by direct comparison with an authentic specimen including absorp-
tion spectrum in visible light, Rp-values, and stereomutation behaviour
(five stereoisomers).

* Part XXVIII. Acta Chem. Scand. 23 ‘(1969) 1057.
** Present address: Hormel Institute, Austin, Minnesota, U.S.A.
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Strain SE20—4

The carotenoid synthesis depended quantitatively and qualitatively on
the aeration of the culture. When vigorous aeration was employed (maximum
yield 0.007 9%, carotenoid of the dry weight) a new esterified apo-carotenoic
acid (64 9% of total) and its corresponding alcohol (13 9,) were produced,
in addition to some minor carotenoids. Neither of the main carotenoids
were mentioned by Baxter.?

After mild alkali treatment of the crude extract the ester (I) was purified
by repeated chromatography and fractional crystallization; total yield 1.5
mg, m.p. 182°C. Judged by Rp-values and partition ratios the natural ester
(I) was a strongly polar compound. Kinetic acetylation experiments showed
the presence of six intermediary acetates in the formation of the peracetate
(2), hence revealing the presence of three or more primary or secondary
hydroxyl groups in 1. None of the hydroxyl groups appeared to be in allylic
position to the polyene chain since oxidation with p-chloranil ¢ of the ester I
and the free acid 3 (see below) failed.

Saponification of the natural ester (I) under strong conditions gave the
corresponding acid (3) with a pK,-value of ca. 4.2; yield 0.8 mg, m.p. 222—
228°C. The acid (3) was chromatographically very strongly adsorbed, exhibited
spectral fine-structure in methanol (Fig. 1) characteristic of conjugated car-
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Fig. 1. Absorption spectra in visible light
of ——— the natural ester (I) in acetone,
....... the acid (3) in methanol, and
—.—.—.— the corresponding alcohol (5)
. in ether.

400 450 500 nm

boxylic acids 7 and could not be reduced with sodium borohydride. Methyla-
tion with diazomethane gave a product indistinguishable from natural I.
The peracetate (4) of the acid (3) was prepared. ) .
The natural ester (1) was resistant to treatment with sodium borohydride,
but treatment with lithium aluminium hydride caused a hyps.ochromlc. shlft
and gave an allylic alcohol (5). The same product (5) was obtained on similar
reduction of 4 and 2. Like other primary polyenols ® the allylic alcohol (5)
provided no product with extended chromophore on treatment with acidified
chloroform. The chemical reactions carried out are summarized below:
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Methyl ester peracetate (2)

Ac.anh./pyr. 1) P-Cl-anil
ii) HCL/CHCl3

KOH
Natural methyl ester (1) —+—= [ LAH
NaBH,
CHZNZH KoH  LAH
p-Cl-anil

Acid (3) Allytic atcohol (5)

NuB}HL/\/ lAc,onh./pyr. 70 %Hct/CHcta

Acid peracetate (4)

The spectra in visible light of 1, 3, and & (Fig. 1) are virtually identical
with those of methyl apo-6’-lycopenoate, apo-6'-lycopenoic acid, and apo-6'-
lycopenol,® favouring a decaene chromophore conjugated with a carboalkoxy
group in 1. Infrared absorption of I (Fig. 2) at 1685 and 1228 cm™ corresponded
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Fig. 2. Infrared spectrum in KBr of the natural ester (I).

to that found for torularhodin methyl ester.l® Simple absorption at 962 cm™
furthermore suggested the absence of a trans disubstituted double bond in
o, f-position to the ester group.® The IR-spectrum of 1 further revealed the
presence of a gem.-dimethyl group (1390, 1370 cm™'), and characteristic
absorption in the 1100—1000 cm™ region *,'* together with the polarity
properties of I were suggestive of a carotenoid glycoside.

Structure I for the new apo-carotenoid was supported by the 100 MC/sec
NMR-spectrum of a low-concentration solution (CDCl;) of the peracetate 2,
signals at 7 5.88 (ca. 2 H, CH,0Ac); 6.28 (ca. 3 H, COOCH,;); 7.98—8.06 (ca.

OR’ 1 R=COOCH4, R'=H
2 R=COOCH3, R’=CH,CO
5 R=CH,0H, R'=H
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28 H, in-chain methyl and acetate methyl); 8.72 and 8.77 (strong, gem.-dimethyl
at terf. oxygen+lipid contaminant). Signals in the regions 7 8.19 (end-of-
chain methyl) and 7= 8.3 and 8.9—9.1 (alicylic rings) were absent.
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Fig. 3. Mass spectrum of the natural ester (I).
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Fig. 4. Mass spectrum of the tetraacetate (2) of the natural ester.
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Further confirmation was obtained from the mass spectra of I and 2
(Figs. 3 and 4). The diagnostically important fragmentations are indicated
on the respective figures. The assignment of the molecular ion of 1 at m/e
624 (corresponding to C;;H,,O;) was confirmed by the characteristic losses
of 92 and 106 mass units therefrom.!3-15 In the upper part of the spectrum
several peaks assigned to fragmentation of the end group containing the
sugar residue are observed. Cleavage of the glycoside bond with hydrogen
transfer from the charged aglycone gives rise to the M— 162 peak. Prominent
ions correspond to fracture of the carotenoid-oxygen ether bond (M—179),
the C,—C, bond (M—221) and the C,—C; bond with charge retention on the
carotenoid moiety. In the latter case cleavage without and with hydrogen
transfer in both directions occurs, peaks at M—234, M—235, and M—236.
The only evidence for the carbomethoxy group in the spectrum of I is an
ion at m/fe 329, explained as loss of 59 mass units from the M—236 ion. A
low intensity ion at M—81 could be explained by elimination of the saturated
end of the carotenoid molecule as indicated in Scheme 1.

HZC
2
H) K
HOH c HOH, CJ\:JJ;T
1 My-81
AcOH, C:Q;\'//l/\’k( AcOH CI‘IO\/\(
M2 56

Scheme 1.

The peracetate (2) of the natural ester showed only peaks of low intensity
in the upper mass range. However, the molecular ion, now at m/fe 792 (corre-
sponding to C,Hg04,), is again confirmed by observed losses of 92 and 106
mass units. Hence the mass spectrum confirms the formulation of the peracetate
(2) as a tetraacetate. Cleavage of the carotenoid-oxygen ether linkage gives
rise to M—347 and M—348 ions. The loss of 32 mass units from the M—348
ion provides some support for the existence of the carbomethoxy group. A
prominent ion at m/e 331 is ascribed to cleavage of the glycosidic linkage with
charge retention on the sugar moiety. Such an ion was previously observed
by Biemann, De Jongh and Schnoes1® in work on hexose acetates. They
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showed that further fragmentation of this ion led to a series of characteristic
ions formed by combined losses of ketene and acetic acid. Scheme 2 is that
of Biemann ef al.,'® and the values in brackets give the relative intensities of
the corresponding peaks in our spectrum of 2. The high values for these
intensities provide support for the formulation of 2 as a hexoside with four
acetoxy groups in the sugar moiety.

ASOH,C\ " ROH,C o
Q} -CHZCQ_% \
2 HOAC A 0Ac OR’
m/e 21 m/e 169
/ (5.3%) (47.5')
AcOH,C~ -0 R+R'= ActH

AcO [0)
OAc

Ac
-2 HOAC
mje 331 -CH,CO
(10.4°4) ACOH.C CH,
2N o o
0 -HOAc s 0

m/e 169 my/e 109
(47.5%) (31.7%)

CHunessaCH -HHCIH ——————> mje 115

-CHCo (17.1%)
OAc OAc

my/e 157
(15.1%)

Scheme 2.

The weak M—56 ion deserves comment since it normally occurs when «-
ring structures are present.!3,15 This ion may here be formed by a cyclic
mechanism involving loss of the C,—C, fragment, see Scheme 1.

At this stage only an air-bleached specimen of the peracetate (2) was
available for glycoside hydrolysis, carried out in HCl-methanol.” The resulting
methyl glycoside gave the corresponding reducing sugar on further hydrolysis
according to Painter.’® Our methyl glycoside and reducing sugar preparations
both gave positive Molisch tests 1? for carbohydrate. On paper chromatography
the reducing sugar gave a single spot with Ry-value in two systems corre-
sponding to that of mannose. The colour and fluorescence of the spot,developed
with aniline phthalate,?® deviated somewhat, and further sample would be
required to establish the identity of the hexose unambiguously.

The allylic alcohol (§) obtained on hydride reduction of 2 had properties
corresponding to a second carotenoid present in strain SE20—4, to which
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BACTERIAL CAROTENOIDS XXIX 2611

structure § is tentatively ascribed. Additional minor carotenoids were not
satisfactorily characterized.

Carotenoid glycosides hitherto known are crocin which is a digentiobiose
ester,” the tertiary f-pD-glucosides phlei-xanthophyll and 4-keto-phlei-xan-
thophyll ' and the rhamnosides myxoxanthophyll 17 and oscillaxanthin.!?
Indications of other carotenoid glycosides also exist.??%

One culture (culture 1) was grown aiming at investigating the effect of
aeration on the pigment synthesis. The growth curve and periodic carotenoid
analysis of culture 1 (Fig. 5) revealed that carotenoid synthesis continued

EEL-reading

GROWTH 3

S_

‘ "

¥

o

3 2.5:'

8

1 <

z

2 2

Fig. 5. Growth curve of culture 1 strain 2
SE20—4 measured by optical density 5
(EEL-reading) and carotenoid content of 10 o
dry cells. Carotenoid components in per 1 €

cent of total carotenoid are included.
Numbers denote withdrawal of samples 1,
2, 3 for carotenoid analyses. Shaded area:
low aeration. Aeration increased at stage A.
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Time of growth in h

after the late exponential phase of growth, during which period the glycosidic
apo-ester (I) was predominantly produced. The synthesis of the natural
decaenol, believed to be the glycoside 6, preceded that of 1, and is a tentative
precursor of 1. Both glycosides (I and 5) were only minor components in cells
grown with limited oxygen supply. Whereas oxygen may play a more direct
role in the synthesis of the carbomethoxy group, c¢f. Ref. 7, it presumably
plays an indirect role in the glycosidation step. Pigments 5b and ¢ encountered
in cultures grown with limited oxygen supply appear to be non-glycosidic
decaene carotenoids, probably chemically related to 4, and pigment 6 a
hydroxy-neurosporene-like carotenoid different from chloroxanthin.

EXPERIMENTAL

Materials and methods. When not stated to the contrary these were as summarized
elsewhere.?

Cultures. Two yellow halophilic cocei strain H5B—2 and strain SE20—4,2 obtained
from Dr. R. M. Baxter, Division of Applied Biology, National Research Council, Ottawa,
Canada, were used.

Acta Chem. Scand. 23 (1969) No. 8



2612 AASEN, FRANCIS AND LIAAEN.-JENSEN

Medium and cultural conditions. The medium contained 15 9, NaCl, 0.25 9, trypton
(Difeo), 0.5 9% MgSO,-7H,0, 0.1 9% KCI, 0.02 % CaCl,-6H,0 and 0.5 9%, yeast extract
(Difco) in tap water. Cultures were grown in diffuse light or darkness at 37°C. The subinoc-
ulum was grown in shaken flasks and the inoculum in aerated Erlenmeyer flasks. Mass
cultures were grown in a fermentation tank of 190 1 capacity. Cell growth was followed
by optical density measurements and cultures harvested by centrifugation when the
stationary growth phase was reached.

H5B—2. A 301 aerated culture was harvested after 141 h growth, yield 9 g dry cells.

SE20—4. Culture 1 (67 1) was grown with low oxygen supply for 90 h (sample 1,
30 1, 8 g dry cells withdrawn), then with strong aeration (sample 2, 91, 13 g dry cells
withdrawn after 114 h) and harvested after 186 h (sample 3, 28 1, 47 g dry cells). An ap-
parently stationary phase of growth after 90 h was overcome by strong aeration; see Fig. 5.

Culture 2 (180 1) grown with strong aeration was harvested after 64 h, yield 222 g
dry cells.

Isolation of the carotenoids. Centrifuged cells in water (1:1) were broken by treatment
with ballotini beads in a cell homogenizer at 2°C and extracted with acetone at room
temperature. The pigments were transferred to ether, saponified in 5 9, methanolic
KOH-solution for 2 h, chromatographed and crystallized in standard manner.? Adsorp-
tion properties pertaining to SE20—4 are compiled in Table 1.

Table 1. Adsorptive properties of the trans isomers of the carotenoids of strain SE20—4
and derivatives thereof.

Rp-value
Compound Required eluent from Kieselguhr paper Aluminium
cellulose column oxide paper
20 % 30 % 10 %
acetone 4 acetone ? acetone 4
Natural ester (1) 50 9, acetone ¢ 0.01 0.34
Ester tetraacetate (2) 15 9, acetone 0.75
Acid (3) 50—100 9, acetone 0
Allylic alcohol (5) 20 9%, acetone 0.22 0
b 0.99 0.52
bc 0.99 0.83
6 0.99 0.95

¢ In petroleum ether.
5 In benzene.

Strain H5B—2

A total of 0.97 mg carotenoids (10.8 mg/100 g dry cells) isolated after saponification,
column (alumina) and paper chromatography, was estimated to be 81 9; neurosporene,
4 9, lycopene-like and 15 %, di-hydroxy-{-carotene-like compounds. Neurosporene had
abs.max. at 414, 438, and 467 nm in petroleum ether, %, III/II=106. Co-chromatography
with authentic neurosporene gave a single zone (Rp=10.72 on kieselguhr paper in petro-
leum ether). Separate 1odine catalyzed isomerization produced the same four cis isomers:
Rr=0.12 (neo U ca. 10 %), 0.23 (trans ca. 70 %), 0.27 (neo A ca. 5 %), 0.30 (neo B ca.
59, and 0.35 (neo C ca. 10 %) on aluminium oxide paper (petroleum ether) in each
case. Due to oily contaminants the lycopene-like compound was not satisfactorily charac-
terized. The di-hydroxy-Z-carotene-like compound had abs.max. 379, 396, and 422 nm
in petroleum ether, Rr=0.25 on aluminium oxide paper (10 %, acetone in petroleum
ether) and partition ratio in petroleum ether/85 9%, methanol 4:6.

Acta Chem. Scand. 23 (1969) No. 8
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Strain SE20—4

Culture 1. The growth curve (measured by optical density in an EEL colorimeter,
supplied with filter 608) and carotenoid synthesis are depicted in Fig. 5. The pigment
extract of the three cell samples were saponified with 20 9% methanolic KOH solution
to facilitate the estimation of 1.

Sample 1 contained 0.084 mg carotenoid (1.05 mg/100 g dry cells) consisting of 1
(trace), § (20 9), two less polar compounds with the same chromophore as 4, 56 (10 %)
and bc (40 %), a hydroxy-neurosporene-like compound 6 (30 9%,), chromatographically
different from chloroxanthin, and two minor compounds.

Sample 2 contained 0.23 mg carotenoid (1.77 mg/100 g dry cells) consisting of 1
(5 %), 5 (50 %), 8b (5 %), dc (b %), 6 (10 %) and three minor compounds.

Sample 3 contained 1.15 mg carotenoid (2.45 mg/100 g dry cells) consisting of I
(36 %), 6 (32 %), 9b (13 %), Sc (trace), 6 (6 %) and four minor compounds.

Culture 2. The total carotenoid content of the culture, determined on aliquots, roughly
followed the growth curve. The carotenoid content at harvest was 6.6 mg/100 g dry
weight, yield 14.7 mg, consisting of 1 (64 9, of total), § (13 %) and some minor com-
ponents not further studied.

Methyl l-hexosyl-1,2-dihydro-3,4-didehydro-apo-8-
lycopenoate (I)

Isolation. After mild alkali treatment ** of the crude extract (resulting in partial
saponification of 1 to give 3) the ester (I) was purified by repeated chromatography on
cellulose columns. Colourless contaminants were removed by precipitation from acetone and
1 was crystallized from acetone-petroleum ether; yield 1.5 mg, m.p. 182°C. The absorp-
tion spectrum in visible light had abs.max. at 469 (¢=122 300, c¢f. 122 700 for natural
methyl apo-6’-lycopenoate *) and 497 nm in acetone (Fig. 1). Its IR-spectrum (KBr)
is given in Fig. 2 and the mass spectrum in Fig. 3. I had partition ratio in petroleum
ether/95 9, methanol 1:99 and in petroleum ether/60 9, methanol 9:91.

Standard treatment of 1 (0.1 mg) with p-chloranil for 30 h gave no product with
extended chromophore.

1 (0.1 mg) gave no product with extended chromophore on standard treatment with
HCl-chloroform; pigment recovery was 65 %,.

1 (0.1 mg) in ethanol was treated with sodium borohydride for 90 min, pigment
recovery was 70 9. No reduction product was formed.

Methyl  1-tetraacetylhexosyl-1,2-dihydro-3,4-didehydro-apo-8'-lycopenoate  (2). The
course of acetylation of I (0.15 mg) in dry pyridine (1 ml) with acetic anhydride (0.2 ml)
was followed by paper chromatography. Six intermediary acetates with Rp=0.07, 0.13,
0.24, 0.38, 0.47, and 0.58 (kieselguhr paper, 20 9, acetone in petroleum ether) were ob-
served. In a larger scale experiment crystalline 1 (0.6 mg) was acetylated. The peracetate
(2) exhibited the same absorption spectrum in visible light as I. Its mass spectrum,
(Fig. 4), recorded with an LKB-9000 instrument and NMR-spectrum in CDCl; at 100
MC/sec were obtained. Signal positions are quoted under Results. 2 had partition ratio
in petroleum ether/85 9, methanol 18:82, in a parallel experiment found for azafrin
methyl ester 15:85 in the same system.

An air-bleached sample of crystalline 2 (0.4 mg) was hydrolysed in 0.15 N HCI-
methanol.!” The resulting methyl glycoside was hydrolyzed with polystyrene sulphonic
acid.’»*® The Molisch test !® was positive for the methyl glycoside and reducing sugar
preparations. The reducing sugar was examined by paper chromatography (Schleicher
& Schiill No. 2043B) with mannose, glucose, galactose, and xylose as reference standards.
The chromatograms were developed with aniline phthalate 2 giving brown spots with
white fluorescence in UV-light for hexoses. The following Ry, -values were observed in
system 57 (benzene-butanol-pyridine-water 1:5:3:3, ascending method) galactose 0.90,
glucose 1.00, mannose 1.06, hydrolysate 1.05, xylose 1.24 and in system 6 * (pyridine-
ethyl acetate-water 2:5:7, epiphase, descending method) galactose 0.84, glucose 1.00,
mannose 1.23 and hydrolysate 1.23.

1-Hexosyl-1,2-dihydro-3,4-didehydro-apo-8’-lycopenoic acid (3). 3 was obtained by
saponification of the natural ester (I) or its tetraacetate (2), using 10 %, KOH in methanol-
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ether over-night or 20 9, KOH methanol-ether for 4 h at 35°C. Parallel experiments with
azafrin methyl ester and torularhodin methyl ester resulted in quantitative hydrolysis
under the latter condition, whereas saponification with the usual 5 9, KOH solution in
all cases only resulted in partial hydrolysis. 3 required acidification of the hypophase to
pH 4.2 in order to be transferred to ether (c¢f. pK,=:4.26 for acrylic acid).?® The free
acid (3) was purified by chromatography on cellulose eolumns and crystallized from
methanol-acetone-petroleum ether; total yield ca. 0.3 mg, m.p. 222 — 228°C. 3 had abs.max.
(440), 466, and 491 nm in acetone and (435), 460, and 490 nm in methanol (Fig. 1).

3 (0.12 mg) in ethanol was not reduced by sodium borohydride, and 3 (0.38 mg)
gave no oxidation products on treatment with p-chloranil.

3 (1.3 mg) in methanol (15 ml) was methylated with diazomethane in ether. The
methylation product (I) had abs.max. 469 and 497 nm in acetone, partition ratio in
petroleum ether/60 9, methanol 9:91 and Rp-value identical with natural 1. The methyla-
tion product (1) was submitted to standard acetylation. The peracetate (2) had partition
ratio in petroleum ether/85 9, methanol 20:80 and was not separated from 2, prepared
from natural I, when co-chromatographed.

1-Tetraacetylhexosyl-1,2-dihydro-3,4-didehydro-apo-8’-lycopenoic acid (4). 3 (0.1 mg)
was acetylated in the usual manner in order to allow dissolution in ether for subsequent
reduction with lithium aluminium hydride to 4.

1-Hexosyl-1,2-dihydro-3,4-didehydro-apo-8’-lycopenol (5). 5 was prepared by reduction
with lithium aluminium hydride in ether of 4, 1, and 2, total yield 1.1 mg. Oily con-
taminants present in the mother liquors used for these experiments could not be removed
by column chromatography (cellulose) and crystallization of 4 failed. The absorption
spectrum in visible light had abs.max. at 427, 452, and 482 nm in ether (Fig. 1).

Standard treatment of § (0.1 mg) with HCl-chloroform gave 39 9, pigment recovery
and no less polar products.

Natural 1-hexosyl-12-dihydro-3,4-didehydro-apo-8-
lycopenol (9)

Isolation. This pigment was isolated by ether extraction of the alkaline hypophase
after saponification under strong conditions of the crude extract of culture 2, yield
ca. 1 mg non-crystalline compound. The absorption spectrum in visible light was identical
with that of synthetic § above (Fig. 1), and natural and synthetic § were inseparable
in co-chromatography tests on kieselguhr paper.
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