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Influence of carbon and nitrogen sources on Flavobacterium
growth and zeaxanthin biosynthesis
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Growth and production of zeaxanthin by Flavobacterium sp were studied using different carbon and nitrogen
sources in a chemically defined medium. The best growth was supported by sucrose, but glucose yielded similar
carotenoid concentrations. Both asparagine and glutamine stimulated growth and pigment formation. Carotenoid
production and glucose consumption increased as a function of asparagine concentration. In the presence of
asparagine, high glucose concentrations decreased pigment production without affecting biomass formation. In the
absence of glucose, asparagine could not support growth and zeaxanthin production. When compared to the effect

of 55 mM glucose, 10 mM oxaloacetate increased growth and carotenoid production. Pyruvate and other intermedi-

ates of the citric acid cycle showed a similar stimulatory effect. The intermediates of glycolysis: glucose 6-phosphate

and fructose 1,6-diphosphate did not support growth. These results suggest that Flavobacterium sp utilizes aspara-
gine primarily as a nitrogen source for growth and production of zeaxanthin.
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Introduction Zeaxanthin constitutes 95% of the total carotenoids pro-

Zeaxanthin (3,3dihydroxy-beta-carotene) is a yellow xan- duced by this strain.

thophyl which belongs to the carotenoid family of pig- Ultures
ments. From a commercial standp0|_nt, zea_xan_thln has _be ock cultures were prepared from yeast-tryptone-sodium
usgd as Ia na(tturlil foc()jd ?((_)Iora_mt for fish ()sk[|{12§)|gTrE_entatlon YTN) slants [4] previously grown for 48 h and maintained
and poultry (yolk and skin pigmentation - 1S COM- iy 409 glycerol at-20°C. Seed cultures were developed
pound occurs widely in nature and is synthesized by a wide - ghye ' N . P
variety of microorganisms [1]. Among the sources of%y inoculating 1 ml of a cell suspension (Qk adjusted

microbial xanthophyls, McDermott al [9] reported that to 0.3 with saline solution) into 250-ml Erlenmeyer flasks

Flavobacteriumsp produces zeaxanthin as essentially itscontamlng 50 ml YTN. The cultures were incubated at

only carotenoid. This has stimulated nutritional and biosyn-&v?isigg v?/itrr?tsg nsehgﬁzrd(illftg dr?cr)n;r?g?)t?cf;?rdiﬁ sri]t’ypggl)gted’
thetic studies on zeaxanthin formation Bjavobacterium ; .
[9,10]. Although several fermentation studies have beer?f 1.0. For pigment production, 250-ml Erlenmeyer flasks

conducted for zeaxanthin production in complex media,contaInlng 25 ml of a chemically defined medium were

e A : inoculated with 5% (v/v) of the washed seed culture and
[5,14315,17], only I|m|ted mformauon is available concern- allowed to grow f(;)r (48 )h (stationary growth phase) with
ing pigment regulation by nutritional factors. The purposeagitation (180 rpm). The chemically defined medium (CD-
Of this work was to study theh_effectdof various cgrbon andmedium) was designed and optimized in our laboratory
nitrogen sources on zeaxanthin productiondgvobacter- . . ; . o

ium sp in a chemically defined medium able to Suppc)r,[(Bautustaet al, in preparation) and contained per liter: 30

rapid growth and zeaxanthin production. In addition, it pro-g NaCl; 1.74 g KHPQ,; 0.74 g MgSQ 7H,0, 1 ml of an

vides a basis for further studies on the regulation of zeaxanporganic salt solution and the desired carbon and nitrogen

; ; . . .~ source. The salt solution contained per liter: 2.8586:
:gﬂezgiﬁrg&%ﬂ: byFlavobacteriumsp under well-con 1.8 g MnC}; 1.36 g FeSQ7H,0; 1.77 g sodium tartrate;

0.74 mg MgSQ7H,0; 26.9 mg CuC}2H,0; 20.8 mg

ZnCl,; 40.4 mg CoC)-6H,0 and 25.2 mg N#MoQO,-2H,0.
Materials and methods The carbohydrates and amino acids were sterilized separ-
ately by heat (autoclaved) and filtration (Millipore mem-

Microorganism . ,
The type strain oflavobacteriumsp (ATCC 25582) was gﬁgﬁs type HA), respectively, and added before inocu-
obtained from the American Type Culture Collection. '

Analysis

Microbial density was determined in a spectrophotometer

_ _ _ at 540 nm. Zeaxanthin was determined at different time
Correspondence: Dr S Sanchez, Dept de Biotecnologia del Instituto d
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México DF 04510, Meico medium were centrifuged, the cells washed and the pig-
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the samples were resuspended in 2.5 ml ethanol and theiose promoted similar levels of carotenoid production. The
zeaxanthin concentrations were estimated at 450 nm usingporest response was observed by adding xylose. This
an extinction coefficient of 1540 (1%, 1 cm) and the for- carbohydrate failed to promote any more growth and pig-
mula provided by Britton [3]. Zeaxanthin was also vis- ment production than that found without addition of a car-
ualized by thin layer chromatography (TLC). For this pur- bon source. Utilization of carbon sources for growth
pose, the extracted samples were evaporated to dryneappears to be strain-specific, since other flavobacteria
with nitrogen. The samples were resuspended in acetorsrains grow well on glucose and sucrose [15].

(0.5 ml), applied on TLC 60 plates (Merck de Mexico, SA

de CV), eluted with dichloromethane-ethyl acetate (80:20)

and quantified using a CAMAG TLC Scanner Il (Muttenz, Effect of amino acids on growth and zeaxanthin
Switzerland), using pure zeaxanthin as standardormation

(Hoffmann-La Roche & Co, Basel, Switzerland). There have been very few studies on the effect of specific
amino acids on flavobacteria. Shepetdl [15] found that
Glucose and ammonium determination addition of methionine or cysteine to complex media

The glucose concentration was estimated directly from thenhanced specific production of zeaxanthin. To study the
fermentation medium by the enzymatic method reported bffects of various amino acids on growth and zeaxanthin
Trinder [8]. Ammonium concentration in the culture media production, we used the CD-medium supplemented with
was determined according to the Berthelot method [11]. 110 mM glucose. Based on studies by Sherratal [16],
nine different amino acid combinations, using a total of
20 individual amino acids, were tested. The most effective
combination for both growth and pigment production con-
Effect of different carbon sources on growth and tained asparagine, glutamine, methionine, cysteine and gly-
pigment production cine. Limited growth was observed with other amino acid
Growth and pigment production b¥lavobacteriumsp  combinations (data not shown). In order to distinguish the
were studied using different sugars as carbon sources. Withdividual effects of the best amino acid combination, we
the knowledge that glucose, sucrose and xylose suppotésted each one of them (7.5 mM) on growth and carotenoid
rapid growth and pigment production Wylavobacterium  production in CD-medium supplemented with 110 mM glu-
sp in complex media [4,14,15,17], the influence of thesecose. Both growth and pigment formation were better on
carbon sources on growth and pigment production wagsparagine or glutamine than on cysteine or methionine
tested in a CD-medium supplemented with 20 mMJ8H  (Table 1). The poor growth observed with glycine, was
As shown in Table 1, glucose and sucrose (55 mM) suppossibly due to the effect of this amino acid on the peptido-
ported limited growth and zeaxanthin production comparedjlycan composition of the cell wall in bacteria [5]. In the
to yeast extract, used as a positive control. Among thesabsence of glucose, asparagine could not support good
sugars, the best growth was supported by sucrose, but glgrowth and zeaxanthin production, suggesting that the
amino acid served only as nitrogen source. Poor growth
_ . and low pigment formation were observed with asparagine,
I;‘:'X‘;mlmi',f“;‘;}dﬁfcﬁgﬁere”t carbon and nitrogen sources on growth andip, 46 apsence of MgSOHowever, the sulfate deficiency
was partially complemented by cysteine (Table 1). Similar

Results and discussion

Conditions Growth Zeaxanthin results were obtained with the use of methionine (data not
(OD at 540 nm) g miy) shown). This indicates the importance of sulfur for good
growth and pigment production iRlavobacteriumsp.
Carbon sources To characterize the asparagine stimulation, we tested a
Yeast extract (1%) 2.380.070 0.75 0.025 range of concentrations up to 22.7 mM. As shown in Figure
ds'ui'r‘g;%s‘(esgsi%'w) 11'_?; 8:282 gjg 8:8;3 1, growth and pigment production increased with increasing
Xylose (55 mM) 0.5 0.032 0.0 0.017 asparagine concentrations. Glucose consumption was
No carbohydrate 0.460.055 0.0%0.011 directly proportional to the amino acid concentration. The
Nitrogen source?.5 mMp increase of cell growth and glucose consumption as a func-
I_Asgaragme €7.5m 3.74 0,050 0.38 0.016 tion of asparagine concentration suggests either a limitation
I-Glutamine 296 0.119 0.36 0.011 in growth and carbon consumption due to nitrogen
I-Cysteine 1.8% 0.090 0.0% 0.009 deficiency or the production of easily metabolized com-
I-Methionine 1.85: 0.015 0.08t 0.0095 pounds from this amino acid. In asparagine concentrations
Glycine 0.60+ 0.020 0.03t 0.007 of 13.3 mM and higher, the cells excreted ammonium into
;]ﬁ:gséag'”e without 0.440.101 0.080.009 the medium. This is probably due to asparagine catabolism
1-Asparagine without 0.5% 0.030 0.03+ 0.006 into aspartate and ammonium, as has been shown for
MgSO, enteric bacteria [7]. As expected, higher levels of ammonia
I-Asparaginet I-cysteine 2.3¥0.076 0.28- 0.003 were excreted when higher levels (22.7 mM) of asparagine

_ _ were present. These results further supported the hypothesis
*Fermentations were performed for 48 h at@%nd 180 rpm in 250-ml Kt asparagine was utilized primarily as nitrogen source

Equl\inNn:_'e)gr flasks containing 50 ml CD-medium supplemented with 208_nd is probably capable of producing catabolites which
4Cl.

bFermentations were performed in CD-medium supplemented with 11@‘unction as growth and pigment promotersHtavobacter-
mM glucose. ium sp.
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) ) ) sumption @) and zeaxanthin formatior®). Fermentations were perfor-
Figure 1 Effect of asparagine concentrations on grow#),(glucose  med as described in Figure 1 in CD-medium supplemented with 7.5
consumption @), zeaxanthin productionl{) and excretion of ammonia mm asparagine.

(A). Fermentations were performed for 48 h at@%nd 180 rpm in 250-
ml Erlenmeyer flasks containing 50 ml CD-medium supplemented with

110 mM glucose. . .
9 mM glucose. Above 10 mM ammonium, the zeaxanthin

production decreased steadily. However, concentrations of

Influence of glucose and ammonium concentrations NH,CI 40 mM and higher suppressed cell growth. There-
in the presence of asparagine fore a specific negative effect on zeaxanthin production
Growth and pigment production were studied in a widecould not be ascribed to this ion. Above 10 mM M,
range of glucose concentrations in CD-medium containinghe pH of the media was increased, which may explain the
asparagine (7.5 mM). At glucose concentrations above 1figment and biomass reduction (data not shownVbn-
mM both growth and zeaxanthin production increasedascussp, the utilization of different nitrogen sources pro-
Above 55 mM glucose, the biomass remained constanduces different pH patterns in fermentation, which affect
while specific zeaxanthin production decreased steadilgrowth and pigment production [18].
(Figure 2). In the presence of ammonium (20 mM) as nitro-
gen source, high glucose concentrations also decreased sgefect of intermediates of glycolysis and the citric
cific production of zeaxanthin without a reduction in acid cycle
growth (not shown). These data suggest a repressive effettAsparagine utilization involves its conversion to aspartate
of glucose on carotenoid production. At concentrations ugand ammonia by asparaginase [7]. Later, transamination of
to 330 mM glucose in the presence of asparagine, glucosaspartate witlw-ketoglutarate byl-aspartate:2-oxoglutarate
consumption was partially proportional to its own concen-aminotransferase (EC 2.6.1.1) produces oxaloacetate and
tration present in the broth. Similar results on glucose conglutamate [6]. Our results suggest that asparagine is used
sumption were observed when 20 mM ammonium was usednly as nitrogen source, and may be capable of producing
as nitrogen source. catabolites that function as growth and pigment promoters.

To study the effect of NECI concentration on growth Therefore, we set out to determine the effect of oxaloacet-
and pigment production ifflavobacteriumsp, we tested a ate, and other intermediates of the citric acid cycle, on
series of concentrations up to 150 mM QM. The medium  growth and pigment production. When compared to the
utilized was supplemented with 7.5 mM asparagine and 11effect of 55 mM d-glucose alone, 10 mM oxaloacetate
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Table 2 Effect of citric acid and glycolysis intermediates (10 mM) on and ODR.,, = 2.3. This medium seems to be appropriate
growth and zeaxanthin production for producing zeaxanthin for regulatory studies in which a
chemically defined medium is necessary.

Conditions Growth Zeaxanthin

(OD at 540 nm) g M)
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