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SUMMARY

thvaara carduesculus cells, cultivaled rn baoreactors, present

a specific drowth rate pg:=0, ﬁ? day-1 in baltch condrtions and a2
pa-0. 583  day-1 in fed-baltch condibions, These ocells praduce
proteases  with profeclylic aclivaly 14 to 20 fold higher Litan
those obtained in shake Flasks, These protcases present clalling
gctivity and can be used, free or amobilized as clotting enzymes.
Suspended ocells of . cardunculus may conslilule a good bBiomass
saurce for production of plant proteases apecially clolling

eNZymeaes.

[T RODICT § O

F 1 am mere than two thousands=s of kKnown epzZzymes, only abouol L B

are of industrial interest. Some industrial onEymes constitule
enzymatic mixtures. The great majorily of commercially  used
enzymes arte prosented in purified and normalized farm, The first

ernzyme to be purified and commercialized was renpet,

Most af Lhe enzymes wilkh imddustrral interaest are From
microbial crigin. Very few, such as rennel, Llrypsin and pepsin
are from animal aridin while f—amylase, bromelain and papain
are from plant arigin.

The grealer number of commercialzed micrabyal enzymes may b
due Lo the wvery high specilic growth  vale  of  microorganisms,
Howewear, some plant enzymnes have to be produced eiLher due  La
Lheir specific characteristicn  ar to the inatri i Ly o f
microorganisms tao produce Lheir hamologlues.

[ 1o the plant chnzymes with andustrial inlerest, profoascs
PP a5 the most mportant dus te their use eilher i food,
pharmaceutical and detergent indusieries o in the preparation of
leadet antl  wool (1], Other enzymes (rom planl oriain suach as

amylanes, lipoxydenases and peclinases tend to be replaced by



their mirerobhial homoelodgoaes,

From the plant proleases wikth andusticial use, the Fol lawing

Mmay e consider e Iy drcresecant el o f interest: Frars M
{Caryoa papaval, BROHELAIN [ Arraan CeNE LS Aanl FloIM
(Ficus glabray. Al these ensymes present cysteine and

histidine as reaclive center, a moltecular weraght ranging between
23000 and ARNOOO, isoelectrioc pornl bebween 8,.7% and 9,55, aoptimal
.

pH 5.0-7.% and cribical ftemperature belwsen 50 and 700 °

COther  proteascs {general by named as TTHARAZES] are  regronally
imporLan! as clotting ANZYmes, Fecent| ¥, threes profteases
[glycoprateing) have beeaen 1solated and  pactially characterised
frrom the flowers aof Cwnara caldunoulns, These proteins
rresent proteclytic and clotling activsty (21,

The udse of " wive", spontanecus or culbivated, pltanls b oer
obktain proteases present many disadvantages  due to the
heterogeneity of  praduction from ane reagion la the ather, Lhe
seazonal ity of the production and olher ambriental fealures. The
establishment of plant cell culttures constrtube a way Lo overanmes

some  problems in the ablention of paturally acourring profeases

wilh specific use. This repor! describes the inlerest of  plant
cell  cullures n the production of proteases with clelling
activity.
ME THHD S

SUSpensian cyltures  were (i Liated by shals g frggl ™ i

TNOJ_ madi Fied by Oehrend and Mateles(3) and  supplemenled  wrth
kinmetin img 17 Yand 2,4-0 (2, 4-Drehinrephanosyacetic acidl (1mo =1
] and in Gambotg 0 (47 medium supplemented  with benzyladenine
(o tma 1-Yy and 2,4 D (tmg 177 ).

Ihcubtation was  performed i BO0 ml Erlenmeyer: flashks
coanlaiming 1900 m Ao ml omedl um,

Fermentations were pevformed an 11 Gal lencamn folmenter type
{magnetic stirring) and 2 1 Setric Gepre fermentaer, made | S
(mechanical slivreing) .

Optical dens ity cell dry o weight el number andd
intracellular protein were determined as desaribed before (5} .

Proteolytic activity was measured as previously described (5,67,

RESULTS AMD D1 SCUSS O

In preyvious papers it has kbeen vepotted  The ability of

Cynara Ao f s el s t.o =Ll anilt procccdiuee proteasos i1



erlenmeyer condtbions erther in Gamhera B (%) ar in TNGB_ me«ia
(6. In both conditions, Lhe specific drawth rate depends on  the

imoculum density (Table 13,

TABLE |
Comparison  of douhr1ﬁg time of B cardunen s cells IF

fanetinn af the culture medium and of the inoculum concentration.

{BE - Gambhorg Bs medium: TH TNDE_ - Tulecke medium)
INOCULUM COMCENTRATION DOUBLING TIME
{cet nPx 10%m (td) (h)
6. O 144
B sl
H 15. & d3.6
1.19
T 147.2
1.22 105.3
2.80 6.2
The best specific growth rate (pg) oblained for B medi um was
0,49 day-1 while for TNO .7 was 0,193, This value of pg  could
not  be improved  probably Jdue tao o the  small concentratyon af
nirtrogen salts in this medium, When the mnoculum  dens ) ties
used in o oerlenmayer conditions  are  repeatead 11 biareactors
conditions, an increase in the specific growth rale was observed
in cullures performed in both medila, hese restlts sudaest Enal

speciftic garowith rate of t gardpacilus 05 influenced by aeration
{Table 2%}.

Tahle £
Comparative growih of O cardincolus cells (adu] SGamnorg B

e 1 um iHB boand an TNDa_ madidm (Tulecke)] (THY in fonglion of

inecylum density and on batch and fed-batch condilirans.

CELL NO BATCH CELL NP FEB-BATCH

(x 10. %) (0.4 v.v. m) ix 10. %) (0.8 v.v.m )

pg | 1d | po ug td ug

(day-11{(h) | (prot) (day-1)| (0} |{prot)

g5 3.30 0.435 | 38.2] 0149 Nk D589 |z8.2 0.055

™ 158 0300 | 555 0.050 el s
=

In bkioreaclors «conditions, wvaluss of pgs O 38 day wWe e



nbtained Tor Catiaranfhus rosans 3 TR 1T~ B BN day —!

for  Droscored del tordeas (0BY anidt 1 ST # L day—1 far  Malus

s

ol e s (9)

Considering  the values abtained i1 Gamborg HE med | um (0, 415
and 0, 5R/9 day—' in katch and fed-balch respectively) and in THU;
(0,30 day < ¥ T we can consider Lhat HE med o um s much  more
effertive for biemass production Lhan Tmoa__ The dreater conlent
of  nilrogen salts in B5 medium  may e  responsihle For the
effectiveness aof 85 et o, This may indicate Lhat growth i
INUH‘ s nNitrogen  lTimited. The rFole nf fatrale noprimary

metabolism was previously described (10,
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Fig. 1, Growbth  of O, cardunculus 2 thamboryg By medium
expressed an o terms of cell no (¢} and ma  prolein/mixio=1 (o). A
{Bataeh systleml: B (Fed-batch S¥stem)

In balch  fermentalion on Gamborg BE medium, the ¢ells of
s cardunculus Fresent a specific growth rate  pa=0,43% day -!

while in fed-baleh system values of -0 . 859 day-! were obtained
(lable 2, Fig. 1).

This wvalue is 1.4 fald hrgher than that oblained for batoh
cultures in o the same medium. The best pg ablained i b fed-tbatch
conditrons may be corretated with the high inmaculum concentral ion

i spile of the slrong rjz FLimidtal von tTahble 3.



TABLF 3

xygoh cansump b oo in  batch o and Ferd-batch conditions al

aeralion rates of 0.4 v.v.m and 0.8 v. v . m respectively.

TiVE BATCH FED-BATCH
) 40 5 () do , (%)
0 93.2 18
1 69.3 10
3 6.5 13
6 495 175
7 45.0
9 375
12 76.0 )

Fed- batch fermentatinns were performead at 0.8 WM whioh

allaws, probab by, hiagher O Liransfer. Same authors hawve

2
pnoslulated that the increase of (K1 a) prometes  the con i rntets
decrease in hiomass of CDudi-ania tricospidata [ I I With Bogh
density cell suspensions (biomass concentralion haogher than 24l
Lhe ﬂztransfer coefTicient (K1 A inm amall due Lo the deficient
nomogenizal jon of the culture medium, In thrs ¢ase, conlralled
agitation and high aderalion rate may be efficient {1?} and
overcome praoblams n 02 tranafer. This may be the case of (.
carduteglus suspension aullures in fed-batch aystem thal have
been performed at high acration rale (B w.w.m) o weth a MRy
high increase in biomass productiron,

The ihcrecaso in bliomans abserved i fed balch condi Lians
whieth comparad  wWith erlenmeyer fFlasks G lals| atch fermenler
condilions may he rorrelated with higher mass transfer due ta Lhe
increase of aeration rale, Simrilar results have been reported
for cell sUspension  oultures  of Medcagn  sSatibea (81,
Aceording to these authors, bromass alse poereased wilh  aesration
rate,

Ihe experiments in erlenmeyer flasks and Lhose performed in

bioreactors (hatch ot Fad-bhatch  condifions) allower the
productinn of proteases. This praodoct jan, assayed by the
rarresponden! prolealytic activity, revealer] that these proterns

are praoduced an bhe exponchtial phase (6},



I he Protealytic aotivities of £ car e f s cells
culbivated In 1oy ' in batet conditions (r.oenan.o.a-' vty are
pbout three Told higher than Lhese oblained In erienmeyer flasks,
wWhett balech fermenlalions are performed Hsing Samborg B med b im
and keeping all the other conditinbnas conalant, a a{xteen fold
fnerease of proteclivtic activity was obtained when compared
with the 1NO; ' bateh cultures .

Thia wvalte can be Increased when Fed-batch cultiures in B
are performed (Lima-Costa ef al,. uhpublished dabtay,

The cell asuspenslen cultures nf O, cardunciu s present
clollihg aclivily [fig. 2) and wcan  be used allher free ot

Immobltized for milk clalling and cheese maliing,

id. 2, Aspecl of small cheeses produced after milk clotting
Ith free suspended cells,

When the «clotting aclivily of the pratein extract of  both
dried Tlowers of ¢, cardunculus anegd  cultured cells are
compared, il can he seen that coltured rells present a3  higher
clollind aclivily Lhan dried rlowera., The clolling activity [/
protealytic aclivity ratin is alse higher in cultured cells than
in dried flowers (Tahle 43,

TABILE 4

Clotting actvily (¢ .C) and ratin clottihn artivity / ptotenlytic
activity delermined for lLhe protein extracts of dried flewers and
cUliured cells. | { = ctotting time; C = ml of protein extract,

blomass «dry weight or , for purified enzymes, no of units for
enzymatic ackivityy,

CLOTTING ACTIVITY | CLOT. ACTIV. (PROT. AGTIV.

Dried floviers 0.005 72

Cullured cells 0413 7.0




This Tower: clolting activily / Prohealy L activity rabio
ohserved in dried flowers extracts may be responsible for
different aorFganal leptic properties from ocheese made s g
proteases either from flowers or from culiured cells,

Ihe cilltiured cells gan also be  Used in conftinuous  milk

clatting either Free or ommabiiized in alainale  or polydrathan

Foams, The experiments perlformerd wilh cells entrapped in calcium
alginate revegled Lhal olalting time and residence Lime in Lhe

reactor are dirocctly ecarrelated wilh the plant cell coepcentration
in the reaclor (131, When the efficiency of 5 catdunerfus
cells, measured in lerms of residence Lime and of clolling Loime,
is  compared with ithe same parameters assayed Tar a puraified
enzyme such as "rerilase™ (13 ot caould  appear that A
caddfunewl us suspended oells  are Iprss  effective, (I i 5
Necessary Le consider  that the increased residence time  and
clotting time of immohilized cells must be due to the necessary
permeabilization of the protease ithrough the cell wall.

The experiments reported  in this paper =how  that  biomass
productiaon  of O, carduncglos may copsta byte a gooed Prosess

to produce sprolfic plan! profeases,
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