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Abstract: Curdlan, a linear polymer witf- 1, 3 glucan is a commercial bacterial exopolybadde have
immense application in different fields. This revidocuses on the biosynthesis of curdlan and efééct
nutritional factors and key operational parameterthe production of curdlan. The effect of carbnittogen,
phosphate sources and role of pH and oxygen s@pelgdiscussed.
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I ntroduction

Polysacharides are generally produced in respnsavironmental stresses. They are obtained from
bacteria, yeast, mould and algae. Polysaccharidgged from such microorganisms may be either ripga
units of single monosaccharide (homopolysaccharime)a number of different monosaccharide (hetero
polysaccharide). Most of these polysaccharides Heaaterial origin and are extensively used for faodi
industrial applications because of its rheologarad gelling properties (1). Bacterial exopolysacicles (EPS)
xanthan, curdlan and gellan were approved by FoddCaug Administration (FDA), United States (2).this
paper, we review the biosynthesis of curdlan antebhnological aspects to improve the productiooundllan.

Curdlan is a homopolymer with linear chain of Dage having3-1, 3 glucosidic linkages. It is
produced by certain strains Afrobacterium radiobacter or Alcaligenes faecalis var myxogenes (3). It is an
edible, biodegradable and non-toxic polymer whehnsoluble in water and alcohols and soluble iditsn
hydroxide and dimethylsulphoxide (DMSQ). Curdlaruged in food industry to enhance thermal stabdlitg
to develop better texture. It is used as a staviliz many frozen and packaged foods, sauces avdle®(1,4).
Curdlan also have widespread pharmaceutical apiplicat is used either directly or as a derivatimedrug
formulation and treatment against malaria, antb&egl immunodeficiency syndrome, thrombosis, etds |
also used as protein drug delivery vehicles aniehasune stimulator (1,4). Some of its industrial lgagions
include adsorption of heavy metals and admixtureotarete (5).

Biosynthesis of Curdlan

Curdlan biosynthesis can be divided into threeestaybstrate uptake, metabolisim and polymerization
(6). The substrate, mainly glucose enters celltsptgsm by active transport. During the second estheg
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substrate is catabolized to form primary metablaad precursors for EPS synthesis. Glycolysis atage
starts with phosphorylation with hexokinase enzymesxpense of adenosine triphosphate (ATP) to form
glucose-6-phosphate. Then convertion glucose-6gitaie into glucose-1-phosphate takes place by
phosphoglucomutase. Subsequently the key precussimiine-diphosphate-glucose (UDP glucose) is fatme
by catalysis of UDP-glucose phosphorylase frominedriphosphate (UTP). Glucosyl 1 phosphate frobPU
glucose containing D glucose was attached to |gpetursor (isoprenoid lipid phosphate)releasing UDis
initiates polymerization witlg- 1, 3 glucosidic linkage and the polymer is reéshfrom the cell after chain
elongation. Further UDP kinase convert UDP into Uifizing ATP from tricarboxylic acid cycle or gtpsis
and the cyclic process continues synthesizing aar(l).
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Fig.1 Biosynthestic pathway for curdlan synthesis

Fer mentative Production of Curdlan

Exceptional physical properties and wide rangeppiieations have increased the demand for curdlan
in market. In order to manage the necessitiesrdifteapproaches were adapted both by industriahaademic
research and development group to improve the ptmguof curdlan. Curdlan is a secondary metabailite it
is produced during post-stationary phase (8). ianan the operation parameters and nutritionatdes were
investigated during pre and post- stationary phésenhance the production of curdlan both. Theitranal
factors include carbon, nitrogen and phosphatecssuand the operational parameters include pHoldexs
oxygen concentration and agitation speed.

Effect of Carbon Source

Carbon sources enhance the biomass developmemttiminitial growth phase (9). Until 1997, carbon
is the sole carbon source for the production oflieur with maximum productivity of 0.2 gh™(9). But in a
particular study it was reported that the productad curdlan was high when the glucose concentraiso
increased whereas the conversion rate was fourfeke teess (10). Lee, LY. et al. (1997) investigathdt
Agrobacterium species gave high yield of produdhveucrose and maltose as the carbon source. 8ucros
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yielded the maximum productivity of curdlan at tiage of 0.5 gr*h™* (9). Even though maltose and sucrose are
found to be excellent carbon source for the pradocof curdlan now researches are being carriedt@ut
produce curdlan from low cost substrates such garsane or sugar beet molasses(9). Fermentatioheess
carried out for five days where yield of about 42g/as obtained when molasses has been used aartianc
source. Recent reports suggest that other agmaultich in cellulose, hemicellulose, starch arghin were
pretreated and used as substitute for productiexopolysaccharides. Hence low cost agriculturadtev@an

be used the whole carbon source to lower the dabe@roduct (11).

Effect of Nitrogen Source

As discussed earlier the production of curdlan feasid to be high during post stationary phase and
this is associated with nitrogen depleting conditid/hen initial carbon source was increased, nénoigp the
media were utilized by the organism for biomassntion and during later stage of growth with nigng
limiting condition, the yield of curdlan was found increase (Nakanishi et al. 1992). Differentragen
sources namely ammonium chloride, sodium nitrateg,uand yeast extract were used for improving the
production of curdlan.

Jung et al reported the production of curdlan miaeral salt medium to maintain favorable nutrients
and pH required for the maximized production of plodysaccharide. The effect of yeast extract inrtieeral
salt medium was analyzed and the study showshkaaddition of yeast extract in to the mineral saddium
did not promote the production of curdlan even gioit had a positive effect on the growth of celtswas
concluded that the presence of nitrogen containirigents in the yeast extract has decreased tituption of
curdlan which is produced mainly in nitrogen degdetonditions. In the study of the influence of amiam
chloride in the mineral salt medium, it was fourgtt addition of ammonium chloride did not favor the
production of curdlan when compared to the productiarried out in the absence of ammonium chlofldg.
Different species exhibits distinct production ofdian, some species produce maximal productiaccuadlan
during the exponential phase where rapid utilizaté nutrient occurs while others produce the pamtgharide
when there is a depletion of nutrients especidtiypgen source. Intercellular concentration of Alsird UMP
are direct indicators of the production of curdlamthe depleted condition of nitrogen source, AMP and
UMP levels are found to be less and the produaifarurdlan is enhanced (10).

Among different nitrogen sources studied, ammonaltoride was found to produce maximum yield
of curdlan followed by ammonium acetate, ammoniutmaie and ammonium sulphate whereas sodium nitrate
and potassium nitrate had less effect on the ptamuof curdlan(12). Recent report suggesteddhanonium
chloride and urea were effective in enhancing @urgiroduction. Jiang et al. reported that 0.3 g Ncurdlan
production was achieved in 4 days with urea suppiged media and 0.25 g N'Lproductivity was obtained
with ammonium chloride in 5 days (Jiang et al. 2013

Effect of Phosphate

Optimal phosphate concentration is also an efficfactor for the production of curdlan. Phosphate
plays a vital role in the cell growth and produotrmation. Farres et al., 1977 reported that phdspha
concentration lowers the yield of the polysacchariding the Klebsilla strain whereas Conti etl#194 proved
that phosphate concentration increases the yietdeoproduct in Pseudomonas strains. Kim et alstigated
the effect of phosphate concentration in the prodoof curdlan, increasing the phosphate conceatrérom
0 to 0.1 g/L, caused a linear increase in curdladyction whereas further increase in phosphateesgration
negatively affected the production process. Phdspb@ancentration was also found to be independentlb
density in the media. It was reported that undepgen depleted condition, a residual phosphateergmation
is found which is essential for maximal curdlan durction and in the complete absence of phosphate
concentration the curdlan production was foundaddw. (13). Phosphate concentration in the rarfideloto
0.5 g/L was considered to be residual concentra@urdlan production can be improved by increashy
phosphate concentration According to Kim et al.dam production increased from 0.44 to 2.8 g/L with
phosphate concentration of 0.42 to 1.68 g/L.

Effect on Oxygen Supply

As bacterial strains involved in the productiorcafdlan are aerobic, there is a high requiremettién
dissolved oxygen concentration in the fermentatr@dia. It was observed that when the culture voluwas
increased, the cell density and polymer concentratiecreased which shows the necessity of oxygersfer
rate in the media. Aeration and agitation has opral effect in increase in the production of canjlagitation
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at 600 rpm found to favor the production of curdkmd further increase in the rpm did not producg an
significant change in the production process(5).

The fermentative broth of curdlan has low viscositd hence there is resistance to oxygen transfer
from gas to liquid. Dissolved oxygen concentratpdayed a vital role in the maximal yield of curdlaa the
polymer surrounding the cell mass offer resista@naexygen transfer from liquid to cell. It was refeal that the
yield varies according to the design of the fermerftawford et al., 1986). Lawford and their cowerk
investigated that radial flow impeller gave betarid of curdlan compared to that of the flat bladel axial
flow impeller. As radial flow impeller provides Higoxygen transfer rate better yield of the produant be
synthesized using this impeller. Thus these regutige that high oxygen transfer rate can be obthin low
shear designed sparging devices. (14).

Effect on pH

pH is one of the most efficient factor as it indsi¢the cell growth as well as enhances the betle gf
the product. The fermentation broth of the polynsehighly viscous and this can be rectified by gsthe
acidic pH as it is insoluble. The optimal pH foetholysaccharide production can be obtained inphases.
Lee, et al. (1999) attempted to determine the agtipil for the synthesis of curdlan in the batchdpiaion
using Agrobacterium species. The initial pH of protibn media was kept neutral whereas pH was altere
5.5 during the fermentation process. Lee and cogrsrkbtained increased curdlan production up tdL64y
pH 5.5. They concluded that the fermentation oflizur require two optimal pH conditions, one for grewth
of micro organism and the other for the productbourdlan (15).

Curdlan production rate is found to have a posiffect when the pH of the medium is about 6 amd th
glucose conversion rate is found to be about 50%dgtewth rate also found to be high when the pHiaf
medium is in the range of 5 to 6 (10). In a stutlhas been proved that pH is an essential factomiximum
curdlan production. When curdlan production wasiedrout in both regulated and unregulated pH doord
it was found that the polymer production was olgdiraround 4.8g/L and 2.48 g/L, for regulated and
unregulated pH conditions respectively. Regulateldcpnditions also enhanced the sugar utilizatioofiler
compared to the unregulated pH conditions. It wias aoncluded that under pH regulated condition,PUD
glucose and UMP can also act as precursors fotasuptoduction (12). pH downshift from 7 to 5.5 qasult
in the increase of intra cellular concentratiorkey enzymes such gs1, 3-glucan synthase, UTPglucose-1-
phosphate uridylytransferase and phosphoglucosemtiteat are involved in the metabolism and synsheki
curdlan. The key precursor for UDP-glucose thaympelrises curdlan was also synthesised more dunisgpt
shift (16).

Conclusion

High demand for curdlan and its derivatives ingsaresearchers to explore developmental methods to
improve production. This demand and production ¢@ste made curdlan a very expensive product. Variou
experiments have been carried out towards the wapnent for curdlan production. Hence cost analgsis
production using the low cost agricultural residaeshe substrate can effectively bring down tre aod pave
way for further research.
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