
Phyrochem~stry, Vol 28, No 10, pp 2651-2654, 1989 003 l-9422/89 $3 00 + 0 00 
Pnnted III Great Brltam 0 1989 Pergamon Press plc 

A PROCEDURE FOR THE DETERMINATION OF OPTIMAL CHITOSAN 
CONCENTRATIONS FOR ELICITATION OF CULTURED PLANT CELLS 

P. BRODELIUS,* C. FUNK, A HANER and M. VILLEGAS 

Institute of Biotechnology, ETH-Honggerberg, CH-8093 Zurich, Switzerland 

(Recewed 22 February 1989) 

Key Word Index--Nlcotlana tabacum, Solanaceae; Eschscholtzzn calformca, Papaveraceae, chltosan; ehatatlon; 

permeablhzatlon, suspension cultures. 

Abstract-An expenmental method for determmatlon of the optimum chltosan concentration for elicitation of plant 
cell suspension cultures is presented. The procedure, which IS based on measurements of the conductlvlty of the culture 
medium after addition of chitosan, has been applied to suspension cultures of Nicotlana tabacum and Eschscholtzia 
califormca. Increased conductivity of the medium (due to permeabilizatlon of the cells) results m decreased secondary 
product formation and cell growth. Maxlmum product formatlon IS observed for cells ehclted with the highest chitosan 
concentration which does not affect membrane permeability 

INTRODUCTEON 

Chitosan (polyglucosamine) is widely distributed in 
nature. This polycatlonic polymer appears to be involved 
as a regulatory molecule in a number of different bio- 
logical systems Of particular interest is its role in 
plant-pathogen interactions. Upon infection of a plant by 
a fungus the host often produces chitinases which may act 
on the fungal cell wall to liberate chltosan. T.his chltosan 
may inhibit the growth of the fungus through inhibition 
of RNA synthesis or induce gene expression m the host 
plant [l]. The induction of phytoalexin production [2], 
lignification [3] and synthesis of proteinase inhibitors [4] 
are some examples of chltosan-induced plant defence 
reactions. 

Plant cell cultures have been used to study the effects of 
chitosan on plant cell metabolism. The formation of the 
phytoalexins glyceollin and acridone alkaloid epoxldes m 
suspension cultures of Glycine max [S] and Ruta graueol- 
ens [S], respectively, has been reported. The wider use of 
chitosan as an elicitor for the induction of secondary 
products in plant cell cultures is comphcated by the fact 
that chitosan 1s also a permeabilizing agent [7, 83 
Treatment of suspension cultured cells with relatively 
high chitosan concentrations lead to cell death, most 
likely due to the permeabilization of various membranes 
c91. 

Here we describe a method to determine the optimum 
concentration of chltosan leading to elicitation of culti- 
vated plant cells but not to permeabihzation of the cells. 
Cell suspension cultures of Nicotiana tabacum and Esch- 
scholtzia californica have been used for these model 
studies 

RESULTS AND DISCUSSION 

Extensive studies on the effects of microbial elicitors on 
the formation of secondary products in plant cell suspen- 
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slon cultures have been carried out during recent years 
[lo and references therein]. In our laboratory we have 
used a glucan Isolated from yeast extract (subsequently 
called yeast eliator) to increase the yield of secondary 
products (alkaloids) m various cell suspension cultures 
[11,12]. However, this elicitor has not been effective in 
inducmg secondary metabolism in all cultures tested. 
Chitosan is believed to be a more generally apphcable 
biotic elicitor [133 As outlined above it 1s effective in 
inducing various reactions in plant cell suspension cul- 
tures. During our own studies we have noticed that the 
amount of chltosan added to a suspension culture is 
critical for the response of the cells. At high chitosan 
concentrations the cells are permeabihzed leading to 
decreased viability and product formation 

Consequently, it is important to determine a chitosan 
concentration resulting m elicitation but not in per- 
meabllization of the cells for maximum product forma- 
tion. For this purpose we have developed a simple and 
rapid method based on measurements of the conductivity 
of the medium after addition of chitosan If the intracellu- 
lar conductlvlty is very close to the conductivity of the 
medium the procedure described here cannot be employ- 
ed without modification (e.g. dilution of the medium to 
reduce the extracellular conductivity) However, culti- 
vated plant cells are generally most sensitive to elicitor 
treatment m late exponential or in stationary growth 
stage [ll, 123. The conductivity of the medium is at this 
point relatively low (< 3 mS) as shown in Fig. 1 for the 
two cell lines used in this study 

The effects of chitosan concentration on the medium 
conductivity in cell cultures of N. tabacum are shown in 
Fig. 2. An increase m conductlvlty is observed within a 
certain chitosan concentration interval (i e. l-3 mg chl- 
tosan per g fresh weight of cells). We ascribe this increase 
in conductivity to the permeablhzatlon of the plasma 
membrane of the cells leading to leakage of various ions 
and cell metabolites mto the medium. Complete per- 
meabdizatlon of the tobacco cells used m this experiment 
1s observed at a concentration of around 3 mg chitosan 
per g fresh weight of cells leading to an increase of 
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Fig 1 Dry weight of cells and conductlvlty of growth medium 

as functton of mcubatton time after subculttvatlon (3 0) Dry 
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Frg 2 Effects of chttosan on cultures of N tahacum The cells 

were treated two days after subcultlvation The cell density was 

0 10 g fresh weight per ml Conductlvtty (M) was measured 30 

mm after addttton of chttosan to the medtum PAL (0) was 

determmed m extracts of cells collected 150 mm after ehcltatton 

medtum conducttvrty of around 0.5 mS. Addttron of 
chrtosan at correspondmg concentratrons to medium 
after the removal of cells does not result m any significant 
change of conducttvtty. The plasma membrane appears 
to be unaffected by chrtosan at concentratrons below 
l-l.5 mg per g cells 

Phenylalanme ammoma lyase (PAL) ts mvolved m 
secondary metabohsm (nutial enzyme of the general 
phenylpropane pathway) of plants [14] and tt has been 
used m thts study as a marker enzyme of induced 
secondary metabohsm. Chlorogemc acid and scopolm 
are examples of products from the phenylpropane path- 
way that have been tsolated from these tobacco cultures 
[Gugler and Brodelms, unpubhshedJ. As can be seen 
from Fig 2 the enzyme IS already maxtmally induced at a 
concentratron of 1 mg chttosan per g fresh weight of cells 
At thts chttosan concentratton no effects on membrane 
permeabthty can be observed. However, at hrgher cht- 
tosan concentratrons, leading to complete permeabrhz- 
atton of the cells (>3 mg/g cells), a decreased PAL 
acttvtty 1s observed. 

It appears important to define the amount of chttosan 
added on basis of the biomass wrthm the culture and not 
on basis of the culture volume Permeabihzation of cells 
occurs at a defined ratio of chrtosan to biomass (ca 1 mg 
chttosan per g fresh weight of cells for the tobacco culture) 
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Ftg 3 Effects of chltosan on cultures of N tahucum The cells 

were treated five days after subcultlvatlon The conductlvlty of 

culture media was determmed 30 mm after elrcltatton The cell 
concentrattons were 0 12 (0 ). 0 24 (m) and 0 48 ( A ) g fresh 

wetght of cells per ml medium 
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Fig 4 Etfects of chltosan on cultures of E c a~rfornm~ The cells 
were treated five days after subcultIvatIon The cell denstty was 

0 18 g fresh wetght per ml medium Conductlvlty (0) of the 

culture medium and total (medium + cells) chelerythrme con- 

tent (m) were determmed 0 5 and 8 hr after ehcttatton, respect- 

independent of cell concentratton m the culture as mdi- 
cated m Fig. 3 

The rate of permeabrltzatton of suspenston cells by 
chttosan 1s srmtlar to those reported for the permeabthz- 
atron of different suspenston cultured plant cells by 
varrous chemtcals (data not shown) [9] The relattvely 
raped changes in membrane permeabtltty allow the deter- 
mmatton of opttmum chttosan concentrattons for ehct- 
tatron accordmg to the method presented here wtthm less 
than one hour 

Treatment of suspenston cultures of Eschscholtzla call- 
forn~u with the yeast elicrtor leads to a decreased con- 
ductrvity of the medrum [ 121 mdrcatmg an uptake of ions 
from the medium Furthermore, the yeast elrcrtor IS 
efficient m mducmg the formation of vartous benzophen- 
anthrtdme alkalotds m this culture [12] Sangumarme 
and chelerythrme are formed wtthtn a few hours after 
ehcrtor addttton, while the end product macarpme IS 
produced at a later stage [12] The effects of chrtosan on 
the synthesis of these benzophenanthrtdme alkalotds has 
been mvestrgated The formatton of chelerythrme as 
function of chitosan concentratton 1s shown m Ftg. 4 The 
amount of alkalotd was determined 6 hr after addttton of 
chitosan to the medium Maxtmum alkalord formatron IS 
observed at a chttosan concentratton resultmg m no 
permeabrhzatron of the cells (1 e around 0 5 mg/g cells). At 
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higher chitosan concentrations (> 1 mg/g cells) the cells 
are permeabilized, as reflected by the increased conduct- 
ivity of the culture medium, and the amount of alkaloid 
produced is decreased. At relatively high chltosan con- 
centrations no increase in product formation is seen. 

The effect of chitosan on the growth of Eschscholtz~a 
cells has been investigated. Fresh medium was added to 
treated cells 6 hr after addition of chitosan (Fig. 5). At 
moderate chitosan concentrations (< 1 mg/g fresh 
weight) a somewhat lower final dry weight (4.5 to 5 g/l) is 
obtained as compared to untreated cells (7 g/l) while at 
high chitosan concentrations a considerable decrease m 
biomass (to ca 3 g/l) is observed. This represents a very 
limited growth since the dry weight of the inoculated cells 
was 2 1 g/l. The growth pattern of E. californ~ca cells 
treated with the yeast ehcltor 1s somewhat different from 
that observed for chitosan treated cells [ 121. At moderate 
elicitor concentrations an increase in final dry weight was 
observed, while at higher elicitor concentrations only a 
moderate reduction in final dry weight (around 5 g/l) was 
obtained. 

The production of macarpine 1s shown in Fig. 5, the 
maximum alkaloid formation is seen at a chitosan con- 
centration which does not affect the plasma membrane 
(i.e. 0.5 mg/g cells). It may be pointed out that the 
maximum yield of macarpme was 6 mg/g dry weight in 
cultures treated with the yeast elicitor [ 121, while chltos- 
an-treated cells yielded 7 mg/g dry weight of cells. When 
used at an appropriate concentration, chltosan 1s as 
efficient as the yeast elicitor m mducmg alkaloid forma- 
tion in suspension cultures of E. californica. Essentially no 
induction of alkaloid formation 1s observed for per- 
meabihzed cells (2 1 mg chitosan per g cells). 

In contrast to the results reported here, chitosan has 
been reported not to be effective m eliciting benzophenan- 
thridine alkaloid formation in another cell suspension 
cultures of E. calzfirnzca [15]. No experimental details 
were reported and therefore it is difficult to explain this 
difference. However, a possible explanation may be that a 
permeablhzmg concentration ofchltosan was used in the 
latter case. It may be pointed out that the two Eschschol- 
tzia cultures respond similarly to elicitation by the yeast 
elicitor [12,15]. 

Chltosan 1s considered to be a generally applicable 
elicitor [13]. However, a number of reports can be found 
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Fig. 5 Effects of chztosan on cultures of E cahformca. Cells 
were harvested five days after subcultzvatzon by filtratzon and 

cells (2 0 g fresh wezght) were suspended m the collected medium 

(20 ml) Conductivity ( n ) of the culture medmm was measured 

30 zmn after addztzon of chztosan. Fresh medzum (30 ml) was 

added to the treated cells after 6 hr The cultures were harvested 

after SIX days and dry weight (A) and total macarpine content 

(0) were determmed 

in the literature stating that chltosan has not been 
effective m inducing secondary metabolism m plant cell 
cultures [15-173. A possible reason for these negative 
results may be that the elicitation experiments were 
carried out under permeabilizing conditions The pro- 
cedure presented here has been tested on a number of 
other cell cultures (the results will be reported elsewhere) 
and m our experience it appears to be generally appli- 
cable for the determination of elicitation conditions. 
These experimental conditions may be established within 
less than one hour with the method presented here. 

EXPERIMENTAL 

Chemzcals Chztosan was from Chugaz Boyekz (Japan). 

Gamborg’s B5 and Murashzge and Skoog media were from Flow 

Laboratorzes (Scotland). 

Culture conditions Stock cultures of plant cells were Incubated 

on gyratory shakers (120 rpm) m the dark at 26” m the followmg 

medix N tabacum (Wzsconsin 38) MS-medium [18] sup- 

plemented with 0.22 mg/l2,4-D and 3% w/v sucrose Cells were 

transferred to fresh medzum every 7 days at an moculum density 

of 7.5 g fresh wezght per 100 ml culture medzum E cahformca: B5 

medzum [19] supplemented wzth 1 mg/l 2,4-D, 0.1 mg/l kmetm 

and 2% w/v sucrose. Cells were transferred to fresh mechum 

every 7 days at an moculum density of 7.5 g fresh weight per 100 

ml culture medium 

Preparation of chltosan solution A stock solutzon of chztosan 
was prepared by adding 500 mg of the polymer to 25 ml of H,O 

As the chitosan dzssolved the solutzon was tztrated with HCl to 

gzve a final pH of 6 0 The total volume was then adJusted to 50 

ml with H,O This stock solution was sterzhzed by autoclaving at 

121” for 20 mm 

Treatment of cell cultures with chltosan Ehcrtor concentration 
dependence stock cultures were dzvided mto 10 or 20 ml portions 

m small flasks The amount of cells (fresh weight) was deter- 

mined. Chztosan was added at different concentrations to a set of 

flasks The treated cells and medium were separated by filtration 

after 30 mm for analysis Cell concentratzon dependence. three cell 

concentrations were obtained by dzlutmg (1: 1 wzth medium) and 

concng (to half the volume by removmg medmm) stock cultures. 

Chitosan was added at different concns to sets of flasks After 30 

nun the cells were removed by filtration and the conductivzty of 

the medzum was measured Tune course chztosan was added at 

appropriate concentratzons to stock cultures The treated stock 

cultures were divided mto 10 ml portions m small flasks One 

flask was taken at the appropriate time for analyszs 

AnalytIcal procedures. Fresh weight cells were collected by 

filtration under reduced pressure onto a nylon net (50 pm). Dry 

wezght. samples of known fresh wezght were dried at 50” on 

prewezghed Al foil until constant weight. Conductrmty deter- 

nuned zmmerhately after removal of cells by filtratzon wzth a 

conductzvzty meter (Onon Research, U S A ) PAL actrznty: PAL 

activity was determined m cell free extracts as prevzously de- 
scribed [l l] Alkalmd extra&on and quantltatlon alkaloid 

extractzon and analysis were carrzed out as described elsewhere 
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