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SUMMARY 

The effects  of  components  of  the medium on the  product ion of  extracellular  
polysaccharide (EPS) by cul tured  cells of Polianthes tuberosa (tuberose) were studied. 
Op t lm~t ion  of media components culturing in flask resulted in increasing EPS Ix~luetion 
f rom 1.4 to 4.1 g/l. In  pa r t i cu la r ,  r e la t ive ly  h igh  concen t r a t i on  (10-SM) of  2,4- 
d i , ~ l o l ~ p h e n ~  acid (2,4-D) markedly stin~dat,-d thepmduct i~  of EPS. Basedou these 
results, EPS production by a 30-1jar fennentor  was attempted and the final rate of production 
was 4.6 g/l a t  30th day of culture. The EPS consisted mainly of acidic polys~c~ha~ides with 
glucuronic acid, rim,nose, arabinose, galactose, glucose and xylose. 

INTRODUCTION 

Cells derived from higher  plants are potenti~ny important alternative systems for 

production of useful plant metaboHtes in vitro, and runny trials have been carried out to date 

(Fujita et al., 1981; Parr, 1989, Yamada and Endo, 1984; Furuya et aL, 1963; Smith et aL, 1987). 

However, low yields of metabolites and the genetic instability of cell lines are major obstacles to 

the successful co ...... erciRli~tion of cell culture processea On the otherhand, it is well known 

that  in Hquld culture polysa~mrides  are secreted from cells( Becket  et aL, 1964; Goto, 1986; 

Hele et  aL, 1987; Mnnte and Boll, 1975; Takeuchi and Komnmlne, 1978; Aspinall et aL, 1969, 

Akiyama et al., 1984). Production of polysacrhnrides by plant cell culture is generally mere 

stable than that of secondary metabolites but their sati~fnntory ut~li~tion has not been found 

In this ~rj~ner, we found flint callus derived from petals ofPo//anthes tuberma (ttflmrose) 

sem'eted large amount of polysaccharides into medium- Therefore,  to enhance production of 

extracell-l~r polysaccharides (EPS) in the Hquid culture, we examined the effects of major 

constituents of the medium. Based on these results, we tried t~ scale up production using a 3~L 

jar fermentor. The sugar analysis of the ESP were also carried out. 

MATERIALS AND METHODS 

Plant  materials  and  cell culture: The cells used in the various experiments were 
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derived t ~ m  petals of  tulmrose tlov~/~, on  Lin~maier  and Skoog (LS)medium (Linsmnler  and  
Skoo~ 1965) solidified with 0~% agar  and  supplemented with 10~ M 1-naphthaleneacetic acid 
(NAA), 10~ M 6-benzyl s.mJnopttrine (BA) and  3% sucrose.  The cells were  tnmsp|Rnted to LS 
Hquid medium supplemented with plant  growth regulators (Sigma Chemica l  Co.,USA) a t  the 
same respective concentrat ion and s ~  Cultures were incubated with shaking at  120 rpm in 
darkness  a t  26¢C, and  cells were subsequently ~ at  30day  intervals .  One gram fresh 
weight ofcel is  was inoculated in toa  100-ml volumetr ic  Er l enmeyer  f l a sk tha t  contained30 ml  
of  cu l ture  medium,  which included var ious components ,  such as basal elements,  p lant  growth 
regulatcxs, and  carbon sources, and then  cells were cultivated for  30 days as described above. In 
the scaled-up procedure,  1~100 g of fresh weight of  cells were inoculated into a 30-1 volumetr ic  j a r  
fe rmentor  that  contnln~!  20 1 of  I ~  medium supplcmvmted with 5% sucrose and  combinations of  
10~ M NAP, and  10~ M BA or 10~ M 2,4-D. The j a r  fe rmentor  was o p e m / ~  with s t i rr ing st  80 
rpm and  aerat ion (10 l/min) in  darkness  s t  20°C for 30 days.  All chemicals  used for the basal 
med ium were  reagents  of  Rnalytical grade (Wako P u re  Chemical Industr ies,  L td ,  Japan) .  

P r e pa r a t i on  of  EPS  and  cu l tured  cell~ Cul ture  medium conta in ing  EPS and  cul tured  
cells was filtered through two layers o fgauze  and  the filtrate was centrifuged at  10,000xg for30 
min  to  r e m o v e  a n y  r e m a i n i n g  cell  debr i s .  T h r e e  vo lumes  of  e t h an o l  were  a d d e d  to the 
superna/zmt, with thorough mixing by  inversion.  After  sh rage  at  4 ~C o v e r x ~ t ,  the prec/tdtate 
was pel leted by  centr i fugat ion at  800 x g for  10 m|n~ then  i t  was lyophi l ized and  weighed.  The 
cultured cells flint had been recovered by  filtration and  centrifugation were washed twice 
distWed water,  then  lyophflized and  weighed. 

C he m ic a l  ana lys i s  o f  sugars :Tota l  n e u t r a l  sugar s  w e re  quan t i f i ed  by  the phenol- 
sul fur ic  ac id  method (Hodge and  Hofrei ter ,  1962) with glucose as the  s tandard.  Uronic  acids 
were quantif ied bythe  carbazole-suIfuric acid method (Bitter and Muir, 1962) with glucuronic 
acid as the s tandard.  Fo r  ana lys i s  d the monosaccharide composition ofEPS, snmples d EPS 
were bydrolyzed by  incubation with 2 M t r i f l ~  acid in sealed tubes at  120°C for  I l~ Each 
hydrolysate was vacuum-dried at  40°C and  dissolved in I ml of  water.  M o n ~ d e s  in the 
hydro lysa te  were  conve r t ed  to the  co r re spond ing  alditol  t r i f luoroace ta tes  by  the  me thod  of 
Albersheim e t aL  (1967) and  nnnlyzed bygas  chromatography (GC). GC was carr ied outwith a 
h y d r o g e n  f lame ioniza t ion  de t ec to r  on  a cap|l lAry column (25 m x 0.2 mm i. d.). The  colnmn 
oven tempera tu re  was l inearly raised f rom 120 to 175°C at  a ra te  of  4°C/mln. 

RESULTS AND DISCUSSION 

Effects of  s tandard  media  

Three  s t a n d a r d  media,  White  (White, 1963), Gnmhorg (Gnmhorg et  al., 1968) an d  LS 

were  selected for  the i r  different nut r ient  composition~ Each medium contained 10 6 M NAA, 

104 M BA a nd  3% sucrose. I ~  medium gave the best results for  both EPS pr~iuc t ion  (1A gfl) and 

cell growth (1&3 g/l). EPS  productions in other  s tandard  media were  1.1 g/l and  cell growths in 

Whi te  a nd  G nmborg  med ia  were  5.9 a n d  14.6 g/l, respect ively.  I t  should be noted that  LS 

med ium has the highest nuir ient  concentrat ions ~mong the tl~ee tested media, in partic~d~r in  

te rms of  total  ni trogen,  phosphate  and  potassi-ml Since EPS product ion a n d  cell  growth were 

beM; in h~ medium: this medium was used in subsequent  a t tempts  to optlmiTe the levels of  the 

major  censtituents of the  medium for elevated peroduction of E]PS. 

Effects of plant growth regulators 

As shown in Table  1, a h igher  concentrat ion of  NAA, irrespective of  the concentration 

o f  BA, f a v o r e d  E P S  p r o d u c t i o n  on ly  slightly,  b u t  i t  s i m u l t a n e o u s l y  lowered  cell growth.  
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Especlnlly, see tha t  a combinat ion of  10~ M NAA a n d  104 M BA gave  15.9 g/L By  contrast ,  a 

lower concen/rat ion of  NAA (104 ND lowered EPS product ion considerably. Since enhancement  

of EPS production was not  expected with combinations of  NAA and  BA, we investigated the use 

of  2,4-D as a n  aux in .  Addit ion of  10~ M 2,4-D was  the most  effective method to enbnnce EPS 

production (3.3 g/l) and ,  a t  e i t he r  h ighe r  o r  lower  concentra t ions  o f  2,4-D, E P S  

d ~  Note flmta lower concentrat ion (104M) also resul ted in a considerable increase in  

cell growth. Addition of  104 - 108 M BA to medium that  c o n f i n e d  10 ~ M 2A-D did not  favow EPS 

~ b u t  s ignif icant ly enhanced  cell growth, giving d ry  weight  of  cells of  15.2 g/L Thus ,  

maximum product ion of  EPS was obtained at  105 M 2A-D, whfle cell growth was maximal  wi th  

a combina t ion  o f  10-5 M NAA a n d  10-8 M BA. These observat ions  suggest  t ha t  na tu re  and  

concentrat ion of  plant  growth regulators  mus t  be changed for  seed cul ture  and  production,  for  

ewRmple, 105 M N A A a n d  105M RAfor culture ofplant  scedsand  105M 2A-D f o r ~ o f  

EPS. There  are  n~lmp~cms reports on the sec~dion ofEPS, but  hardly found are  publications that  

studied corre la t ion between plant growth regulators  a n d  secretion of  EPS.  Previous  workers  

s imply ~ the use Of 2A-D and  its init ial  concentrations such as 5 • 105 M 2A-D for Z ~  

mays,  (Bacic e t  aL, 1987), 4~5 x 10~M 2 ~ D  for  Ph /eumpra tense ,  (H~IP. e t  aL, 1987) an d  4 ~  • 105 

M 2,4-D forArab/dops/s  tha / /ana .  (Goto, 1986). ConcenWations fPom 4~  • 105 to 4~ • 105 M 2,4- 

D have frequent ly  been used in eTnm~uations of polyssccharide Iax~luction- These sucgest  that 

r e l a t i ve ly  h igh  concen t r a t i on  o f  aux in ,  especia l ly ,  2,4-D is r e q u i r e d  fo r  the  secre t ion of 

p o l ~ d e s  f l ~ n  Hquid ctdtured cell~ 

Effects of  sugars 

Table 2 shows ] ~ S  production was f rom 2~8 to 3,4 g/l by glucose, fructose, ~ and  

ma nnose .  Xylose and  galactose were  not effective for  EPS production,  while arabinose  and  

galacturonic acid caused cell n e c r o s ~  The effect of  sugar species on Cell growth was ~mnRr  to 

that of  sugars on EPS production" ~ ,  mannose ,  t~uctese, and  glucose favored cell growth, 

(5~ to 6~5 g/l). Numerous  examples  of  hydrolysis of sucrose are  repor ted in a wide range  o f  cell 

cu l tu re  systems. Thus,  an  addi t ion  of  sucrose to a cell cu l ture  yields glucose andf~uctose by 

hyd r o ly s i s  (Fowle r  a n d  S tepan-Sark i ss ian ,  1985).Therefore,  i t  seems highly probable  tha t  

glucose and  fructose, as well as sucrose, are  utilized by  cul tured cells. We selected suerose as a 

cheap carbon source for  culture of  tuberose cells. 

The  effects of the in i t ia l  concentrat ion of s u c k l e  on E l ~  produet lon and  cell  

were  ex~mlned.  Sucrose concentra t ions  f rom I to 5% increased,  in proport ion to it, both EPS 

production and  cell growth,  giving nm~i]num values of  3.7 an d  7~ g/l, respectively.But,  when 

6% of  suc rose  was used,  bo th  values  leveled off. Genera l ly ,  u se  o f  h igher  concent ra t ions  of  

would give r ise to ~ shock or  unfavorable effect on biosynthetic pathway~ Fujita 

et al. (1981) reported that, in the synthesis  of  sh ikon in  by cultures of  L. erythrorhizon cells, 
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concen t r a t i ons  o f  s uc ro s e  u p  to  4% i n c r e a s e d  t h e  r a t e  o f  s y n t h e s i s .  F o r  p roduc t ion  d 

p o l y s a c c h a r i d e s ,  a c o n c e n t r a t i o n  o f  3% o f  s u c r o s e  is  o f t en  a d o p t e d ,  b u t  t h e  opt immn 

concentra t ion mus t  b e  de te rmined  in conjunction with size of  the inoculum. 

Table 1. Effects of  p lant  growth regulators  on EPS product ion and  cell 
g rowth  in Hquid cultures o f tuberose  cells in LS med ium tha t  contained 
var ious  p lan t  g rowth  regulators ,  3% sucrose,  and  3~% inoculun~ 
Measurements  were  nmde  a f t e r  30 days in culture.  

Plant  growth regulators EPS Dry  weight o f (~ l s  

2/I-D NAA BA 

104 
10~ 
1 M  
104 
10~ 
10~ 
10 ~ 
10 ~ 

104 
104 
104 
100s 
10~ 
10~ 
10~ 
10-s 

2.4 ~6  
3.3 9~  
2.1 13.2 

1 M  1.9 5.9 
104 1.5 14.5 
1 M  1.7 15.2 
1 M  1.6 15.2 
10~ 1.1 11.9 
10 ~ 1.9 10.1 
1 M  1.9 9,2 
10 °7 2.1 12.9 
10~ 1.5 13.2 
1 M  1.8 15.9 
1007 1.6 14.2 
1 M  0-3 12.9 
1007 0-3 10.9 

Table 2. Effects of  var ious sugars on EPS product ion and  cell growth 
in liquid cul tures  of  tuberose  cells in LS med ium tha t  contnined 1 M  
M 2,4-D, 3% sugar ,  a n d  3-3% inoculum- Measu remen t s  we re  made  
a f t e r  30 days  in culture.  

Vry weight d c r ~  
Su~r ~ (g~ 

Arabinose 
Galactose 1.7 4.6 
Galac turonic  acid  
Glucose 3.4 5~ 
Fructose 3-3 rid) 
M-nuose 2.8 6.5 
S ~  3.1 6.5 
Xylose 2.1 4.7 

of  the  size of  inoculum 

EPS pmduc t ionwas  also a f f e c t ~ b y  the s izeof  i noc td -m  (3.3 to l0~) %); the  effectwas 
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from 3.6 to 4.1 g/l. Ma~mum production occurred with an inoculum of about 7 to ~ While 

cell dry weight decreased with increased size of inoculum (data not shown), the dry weight of 

cells harvested after  a 30-day cultivation was fairly constant (4.8 to 5.9 g/l) despite different 

size of inoculum (data also not shown). Although runny studies considered effects of inoculum 

size on cell cultures (Panda et  aL, 1992), no consistent conclusion has been reached yet about 

correlation ~mong parameters  such as inoculum size, cell growth and metaboHte production. 

This negligence is ~ g  whenever the overall perforrrmnce of a given culture system is to 

be assessecL 

Production of EPS in a 30-1 jar  ~ t c a -  

As described above, EPS product /on was marked ly  enhanced  by optimization of  

constituents of the medi,,m- However, c o ~ , ~ r c i a l  production of EPS will not be performed in 

fla,ks but in fermentors. Therefore, EPS pmdnctk>n in a 30-1jar fermentm" was done us/ng the 

medium whose constituents were optimized from flask tests. Results from the flask tests that 

were descrflz~ above recomv,~nd us different combinations and concentrations ofplant growth 

regulators;  10-5 M NAA and 104 M BA for cultures of seeds and 1045 M 2,4-D forproducfion of 

EPS. Fig. 1 shows the fimecourse Of EPS production and cell growth for sced culture (A). 

30 days of culture, dry weight of cells reached 390 g/l and  1.8 g/l of  EPS was obtained. On the 

other hand, for the p r~uc t ion  of EPS (B), 4.6 g/l of EPS was produced and dry weight of celk was 

165 g/l on the f;v~nl day of cultivation. Production of EPS in the jar  fermentor  may have been 

superior to that in flasks because aeration was more advi~ble  than in flasks. This produetiw'ty 

4.6 g/l dur ing one-month culture is thought to be of the highest level ever  ~ o r / e d  on useful 

metabolite production by plant cell cu]hn~. / 00 
~1 f r °°g ~1 / r ~°°~ / 

K °° r,i 
0 10 20 30 0 10 20 30 

Days Days 
Fig. 1. EPS production(M) and cell growth(e) by ~ cells in a 30-1jar fermentor  using the 

optlml,ed medium for culture of ~--~ds (A) and production of EPS (B). 
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AnR]ysis of  sugars in EPS 

Neutral sugar in EPS, recovervd as an ethanol prvcipitate, accounted for about 70% and 

the remain ing  30% was uronic  acid. The neutral  sugar consisted of five monosaccharides, 

namely arabinose (39%), galactose(24%), glucose(6%), mnnnose(24%) and xylose(7%). Fur ther  

de*~n~ of chemical structures will be ~ elsewhere togvther with results on separation and 

purification of E P ~  

In conclus ion,  cal lus  de r ived  f rom the  pe ta ls  of  t ube rose  flowers secreted 

p o l y ~ d e s  into medium. To enhance EPSIm~-ctian in Hquid culture, constituents ofthe 

medium were studied and optlmiT~i to inc~vase the production of EPS from 1A to 4.1 g/L In a 30- 

I j a r  fermentor, the rate of production of EPS was 4.6 g/l during one-month culture. These EPS 

are being commercially produced and utilized as ingredients of cosmetics. 
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