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AHSTRACT

Ao deliackiting Lo (Femily Solanacess commosly known & belledoma, deasdly myistehade, Geil's bermes smongs oler), & penomeal heeb Co=72) i3 mlive of Euope,
Torth Afica mnd Western Asia, pusseszes 8 long trediion &= cae of the clizsc poimns of misquity. The specees 10 sizo e source of atropee alkslewd (@ hyomamme ) and 18
iiporteal = the stedy of autonogss plamescol oy, Conddems the Seewpeotic vies of 4 Faliadenner as well as 1y signifioant tmac sffects (doe to ropame alialosds melmdmg
ncopakamin sl hivoee i), S Vet o Gl Ty aspdada e dorame e to oy infraedon fie fiether orplomnon af the ipacas foe boman Tenahis

KEY VerRIrs: dvopd daimdong, (Rervaw

NTRODUCTION

Atrope bellodoore Lo (commondy known as belladonma, deswdly
nighrshade, divale, dwale, banewort, devil’s berries. naughty man's
chemies, denth cherries, beautifinl death. deval's herb, weat morel
nad dwuvberry'), a pevennial berh (Family: Solanaceas) hallowed by
long tradition as one of ihe clasic posons of antiquity. The name
Atropa 5 sl o be derdvad fhom Greek wodkbess Atvopos: while, the
pame belladonna means ‘beawtiful lady' i Ialian languspe!. The
foliage wyd bermes of the species afe extramely tectic conianing
topan: alkaloids which mcludes scopolamine and livoscvanine
cansing a hizamre delirium and hallocinations®. The plant species is
the source of nlkaloid afropame (T4 HaNOs, di-hyoscyaming) which
bas bemn proven e be a comerstone 0 the study of autooomic
|.1Ihnnaw1|:uf. A, fwelicwioeiri 15 also significant For use i medicine
and cosmetic’. Copsdertiyy the significance of e medickul pla
species an overview o 4. belladomne s conducted covermg nearly
all essentinl aspecis with am ehjective to provide unabuvdged
repasiiory of references to reseagchers fin iis effective exploration as
well as utilization in kmnan wedfare,

Distvibution and Habitai

The ln|==|ul species 15 native 1o Europe. Morih Aliica st Wistern
Asa bob ned commaa in England {oconrs locally as an apparent
pabve in opsn vegetation o calcareous soil, alao sub-spentanemrsly
and as g relic of former cultivation™ and Scotland”, 4. dellmdernma is
a weed species in perts of he woeld, wheredr codonizes i areas with
dismurbed soils’, The species grows most hnmriantly formmg tushy
habit m shade of frees, on wooded hills, on chalk or limestone™;
while, plants exposed o too much sun become stmted®. Growing
under nafural conditions the species 15 more subjected o the amncks
of insects”,

Plant description

A belladoan® is a branched herbaceous perennial (nbost 5 # tall
rare aften 5 is 6.0 ft o lesght) with parplish colosred sfein, sbou,
udvicled =t the base but diveding & litthe above the groand into three
e move, rurely 2 or 4 branches each of which branched fiechy: roots
thick, feshy, whitish, bronched, abowi & inches long or more; leaves
3 to 10 inches lomg covnte, dull, darkish green in celour, the lower
leaves solitwry, the upper ones m pags aliemately from opposite
sides of the stan. ooe leaf of each pair mmech larger than fe olber,
acuie &t apex, enimre wils st petiodes, velns  prommens i
underarface and depressed on woper surface: plant glabrons thougl
soft downy lusirs may ocenr i stesn mwd leaves when fhiey are quite
voung; flowers solitaay o the axil of the leaves, dark ad dmgy
purplish colmar, tinged with green, about an inch long, pendent, bedl
shaped, furmowed, the corolla with 5 loge testh or lobes, shghtly

reflexed, flowermg tme fom fune to early Seprember: frams berry
and fivesclell calyx spreads round dhe bose, shinmg black colour,
fall of dark inky mice. sweet and conswned by animnals that disperse
seeds, even thougd fe seeds contain toxie alkaloids”

Cuiltivation and Harvesthiag

The species™® prefers a well-drained. well-limed soil m fisll sun or
part shade however. light, paneeable and chalky sml 5 oo
suitable for dee crop. The sol should be lkept most all topes.
Bellademna 15 most frequently propagsted by sead sown m flats and
the seeds take 4-6 wosks to genminate and when the seedlings are an
ineh o =0 high they are sef omt LB f0 20 inches apart, watersd after
transplantation aod shaded for several days. Belladonna neay also be
propagated by cuttings of the green branch nps,

Relladom cafitvation o the dope of & hill gives especally goad
resuilts im regards of high percentage of alkaloide. The Hmitw of
growth of the species are between 507 and 53° M. latitude and an
altitde of 300 o 600 ft, though it way descend 10 sca level whee
the soil is calearsous wirth good drainage mxd adequate shade. The
crop may be apprecinbly mcreased by the wse of farmymrd manure,
or a mixbure of nifrate of soda, basic slog and kmnit,

Fird vear plaots are gemerally 1.5 feer bmgh mid  flowers o
Seprentber, e leaves and 1ops are only collected and the planis are
thinned 1o 2.5 to 3.0 fest apart at the approach of winfer to avoad
overcoowding in te following vear. T Tase. fhe second vear plaats
are Cie 1o 1 wich alove the groimd at Rowernig and in good vesrs a
secaid crogr will be ready for harvesting @ Seprember. The roots
may be harvested i anbumm of the fourth vear. The parts harvested
shombi be died quickly in the sun as faded leaves and plant parts
vields small nmount of alkaloids,

Yield

Atmospheric condifions show marked mflnence on the alkalmd
contents of Belladonna, the highest percentage of nlkalosd being
sielded di plants grown o amoy and diy seasomns. About §6E%
aliabod has been reported i Belladoms in the mcaths of Bay and
Jene in sunoy and dey seasons in contrary to 0% i the same
miiilis lacking sinshine August and Seplember proning very wet
season elds about 0035 to 0.38% alkaloids. English growers found
excellent results when soul treated wath basic skag and the percentage
of fotal alkaloids m dry beaf apd sem from thedsvear plaots
acconnted s 084, The average coop of fresh hab m dee second sl
third years is 3 to 6§ tons per sore; and 5 tons of frech leaves and tops
vield 1 1o of drisd herb, The wield per ncre o the first wear of
grownth s average abmat 6 owt, of dry leaves The greatest loss of
plaists 15 i wet winters!
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Chembeal eomstitsents

Hartmann ¢f ot found o total of 13 slkaloids from roots of A,
pelirdwmn following high resolution GLC and GLC-MS; while the
above groamd parts of the plat revealed 7 alkalobds (hvosines
completely  absent) Seopolanime has been seported to e
syathesized in roots only but Morhyoscyannoe has been fiaquently
found in shoots of the plant spocies. Hyvoscovamine MN-oxide was
foumd in various plant parts. Hedges and Herbert” reported a namal
plant constifuent’ M- Methvlormifhrine from A, belladwm as 2
tropace alkaloid precursor following radioactive [5= PO and 5= H]
feeding of omitine o e plant. Arraez- Roman ef o " developed a
capad &nd easy CE- electrospray interface (E5D-TOF-MS procedure
te  swolate  several bopoitant  comgpoumcds  sach a3 ropine
belladonnine, nobvoscveanine, apoatropine  Inoscyamine, G-
bydraashyvoscyamine and scopolamine Gom leal exwmsct of A
belfodormg,  Baalle and Gros seported the presence of
cuscobygrine (usmg sodiom acetate-2-"C) among other alknloids,
Vi Hags and Retnouts” reported that cuscoliygrine as a wormal
conuinent alkatedd of 4. heflodore, Shvers er o™ tolated eighr
steroidal glyessides tentatively saned atioposides 4, B, C, D, E. F,
G oand H fom the mehasolic extract of 4 belladonng seods by
Sephadex gel filtration and ocolumn chromatography o silben gel
mmpresiated with silver namate. The stmchure of atroposides A, C. E,
G oare ebacsdated as 3-O-alpha -D-galaciopyrameside; 3-0-beta-3-
elucopyranosy]  (1==dbein-D-galctoprranosids;  3-0kbeta<k
glucoprvanosy]  (1--=2kbeta-D-glecopyranosy]  (1—d-heta-[
gnlactopyTanosids; md 3-O-afpha-L-thammopyranasy] (1—-=4)-beta-
Deglmcopyranosy]l (1 ==2kbetn-D-ghwcopyranesy] (1==4)beta-D-
Eakactopyranoside,

Alkaloid production and Isnlation

Karnads o al ™ reported the presence of stropme and scopolamme
i hairy roots (hairy rects mducsd by meculation of stemn of sterile
plants of 4 belfodonme with dgrobacteriom riizogenes) by TLO
aod HPLAC bat their amounts were quanhfisd by GLC, and the
results showed that the ammast of two nlkalesds i ihe asenic
caltares was samne as those of nommal plents grown i the Geld
Dimitrow e ol ¥ suggpeaed an mrtemated process of extraction
{applyig perfraction i a rotetng film [RF) centractor) and Fiquid
manbrane isolation (di-isoprops] ether as lguid membrage and
sulfiwic acid & a siripping ageant) of siropine from roots (BT feld
abont 45 times higher than o the native extract Srivastava and
Chadha® studied the effect of two sorfce-active agents {Tween 20
and Tween 80 = 0,2%0) oo the extraction of belladoooa heb by
percalation sl mechanical agiiion process using 7% alcodiol and
water as sobvents leading to mear conplete and expedisnt extraction
of the drg [Tween B0 gave better result],

Hlm.'lull!.t?'
Bfion @l amdadle complete momg acd sequensces of [2Fe-25]
ferredonm from A befladomn and Ayvorciserus wiger by aufomated
Edinan degradation of the afue S-carboxymethrleystedny] pooteins
and of ithe pepiides obiained by enzymntic digestion, The two
ferredoxims exhibited |-8 differences in their amino acid sequences
compared to other wropane-alkaboid -contmnma plants (Foopalio
Feponica, Daturn stvamonivey, D, ovetel and I grbores) snd 923
differences amomg e ofher solauaceous Terredoxing, therely
siggesting that the wopane-alkalodd coptamme plants ave closedy
velated taxcnoimcally.

Factors affecting growil awd ¢ bhemdeal constitnents

Salonen and Simola™ suggested that prowth and WRA (nitate
reductase activity) can be stinmalated by MHy and by proline, by
proline plus eonithise, but not by gluaemate, i 30y conteinin
peciam. Anning sckls tesed were nod mbibiting. Bensaddek e a
also reported that pitmte and ammoniom concentrations i the
calture medium possess a strong inflwemes (dose depeadent] ou the

mearked fluctoations m Nesude content mo the species d‘l.ﬂ'll]ﬁ
argamogenesis, highest being found m ripe fnt. Spoder er o
studied the seasoun] vanation m total alkalow content and alkalod
pacterns {by HPLO malyels: exanined in Tuoe and Tuly from berries
aned ceeds) i balladenna (hyvoeseyamine was the mam pioduct
exameisvsd), and two peaks were foand significast: maximal alkaloid
viglds were detected at carly night aud et early moming while in
mahmwed sesds, it was highest in the aftemoon, Falk and Doran™
pssessed the influence of mosulom morphology on growih of 4
hellodoen hary roods and production of tropane alkalosds and
was inTerred thar alihough hyoscyamine was fomd 10 sconnakale al
highet comcentrations b mofe manse oot tisnes (2.1 + 0.2 o 27
than m the tips (1.0 £ 0.3 mg g'). hyoscyamine content wis
however isdependent of inoculum morphobogy. Kanokwaree and
Doan™ suggested that increase in he number of hairy roat tips (3 10
0% m shake flasks [(Moand 100 ml of medinene) reduced groadh rates
by 40% in belladeana, theelby indscating the mflueasce of maditn
conditionmg and oxygen mass ansfer on ot growth, Lee e ol ™
anatvzed growih and wopaie content i ransformed roof culnres of
A bellodowne (straan ME) provom m 300 ml flasks and nffer one
ol i cultwre. the bicamass of the wansforoed roots merensed 15
tames and raached 5 g dry wt 17 the alkaloid contents were 0. 7% for
hvoscyamine, 01% for Gf-hwlrexyhyoscyamine, G02%  for
seopolumnive and 0.02% for Imforine. Ot of the seven chemicals
edded (mchividually to §E-day=old culfwes) ghiathiome {5 mb{l,
chitim (0 1%a), chitosam (0.1%) or yeast extract (0 1%} werg with no
effect on the release of alkaloids into the mednan bat trentment with
5 mM H20; mduced n frnsient release of topame atkaloids from
transformed roots and masinmm amout was 035 my per flask Cu’
and Cd” (5 mhd} aleo onproved the escreton of tropane alkalobds
pite the inedien; howeva. led o ly=g of traocformed foots.
Baricevie ef af™ noted the effect of water stress and nitrogen
fertilization on the contemt of hyoscmmines scopalaming in the roots
of mightshade, g experimsntal results indicated that macamal
content of alkaloids was acheoved with 25% depletion of avatlabie
soil water and n nitrogen supply of 160 g'pot. AL® sndied the
effect of putrescine on gerganation and seadling growih of 4
belladomn onder the inflnence of NaCl and #f was fousd that
presoaking seeds m 107 mM purescine can afleviate the adverse
effect of MaCl during ganuination and early growth of the spegies
bunt imcresce allalolds ss weldl a5 endogenons putrescine

Apart from these stape of developenent™, Gibberellic Acid™, heavy
water™, Tiran™ {n water-soluble radical scavenger) were the factors
amemgs! olhers in relation o alkalokd comtent,  gowids  snd
merphology of A helledomms

Therapewtic uses

Doy HE&I::‘J frow the bellndonnn plant are wsal to dilate pupils of
pn eye - . A bellodormns iz wsed b tradional ireiments for an
assortment of conditions melading headache, menstrual symplains,
peptic uhoa disease, lhstmare vedction, iaflaninstion and motion
sickmess" as well as in hameopathic drug'. Bellndomna is used 85 o
sedative. to stop bronchial spasmes in asthma and whooping cough
pnndd a5 0 cold and hay fever remedy ™. It is also used for Parkinson's
disense, painkiller and ointments of belladonma is applied for join
pain (Fhenmatisn, leg pain (sciatica), and verve pain (newalgiar®,
Apart from these, belladonna ds alsp wsed in pasters. reating
pavehiatric  disorders  (hyperkinesiz),  emcessive  sweat
(hyperhidrosis), and beanonhoid suppositories ampoogst otleers’.
Ramoutsaki et af * reportad belindonna as an analgesic and emetic
agaanst miscellaneons diseases or sibnents and as en antsdote for
snakebite. Bousta o o™ reported that A bellodmma possemes
stgnifican) newoiropic and protective effects on belavicomn] and
gnstric niteration=: induced by experimental stress

xnpntamim:]r-ua:w’ ¢ ratio. Phillpson md Handa™ found
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Adulierants

Different plmts species like Soapofia japoricn (Tapaness Bellndonnn
= thizomwe part), Scopaiic corviclicn (Scopolia - rhizome), Jele
heleitfun (Elecanipeme « mood), Medfevms sarhg (ledicaon - root)
Althaes afficinalls (Marshanallow - voot). Arefiwin oppe (Lappa -
root) are nsed as adudteracts of A4 belladomn (Sonrce: Felter HW,
Llowvd JU. Kbg's Auncrican Dhispensatory 15898.)

Other mas

Commetic ipdustry; howsver, its use 15 hmited as it may cavse minor
visuml distoction and ofher adverse effects’.

CHmical trials

Tita of el ™ used rar model to supgest the ability of 4. deffadomia
and atropine for urinary cebendson, aivd 4 Beflodoneia was found 1o
be more effective. Bettenmam el @7 pofirmed single-blind
placebwo-contralled sy 1o fnvestigate the doese-dependant vagalytic
and wagotomic effecis (parameters shxbied @ hewt rate and
oorunviasive arterial finger blood pressure) afier oooral adarinistration
(4 bowr after) of 4 delladorwns tinctire (ABT @ 00 mgiml alkaioid
conceniration, avopine | scopolamine = X1 doses = day 12 2l
day 2 : placeba, day 30 dml, day 4 1 l) snd fand thet ABT can be
cffectively usad to stinnlate paiasvorpathetic sctivity in man. The
tnode of vagal activation changes between 2 amd 5 1] ABT from
vagotonic to vagelyvtic. ABT aas fommd 10 possess no or very linte
effect en blood pressmre comtrel. Toporcer er o ® smdied the
mechamical  propeties of skin womnds  after 4 dellalerm
application in rats (24 animaks were radomly divided into 3 groops:
tawo symmetrical skin imcisions were given om the back of =ach
antmal and mmedsately sutarsd s and wound tensile strength of sach
group (Crovgy A — plant extract not given, served as control; B —
extract given for firs ram days after sncgery: O — estivact piven fiv
five comsecutive days after suegery) way aseasuded 120 hours afted
swrpary. A delladoro exmact treated proups (B groug: 344 + 48
209 = 042% of unwouRded skin; C groap: 254 £ 67 2 185=10.55%
of nmwounded sk was sipnificantly higher (P<0.05) than 1mntreated
group (A 194 = 31g 167 £ 0,26% of wnwound skm), thereby
sm:ﬂm;q positive effect an nsephic surgical skin wound healing
Gal er ol = shlied the effaet of 4 Ballmdooma (AB) oi skin wstind
healing following biomechsainical s histologecal stady in sats 2nd i
vitro stwdy in kaatinocytes, ATC fibroblasts, aod s ambilical
vein endotbelial cells. Besults of dv vive experiments showed that
AR tweated womids shortened the process of inflammation and
accelerated collagen fornstion 2% well & significmily. dioreased
wound stiffiess as compared o copteel  bsswes.  In vitro
exanmimation  showed (har  highest AB  extract concentialion
expreszed CEI% m addition all concenirations were stimulabory 10
humen wnbibical vein sadothelial cell proliferatica. By addition caly
the AR extract at the lowest tested concetration increased fbrallast
E.n:m'l;h bt highsr concantrations decraassd o2l survival Bagan el
at reported a case stdy of 4%.vear old man (mpested three
bhandfl  of Belladonna) whe exparienced disorvientation,
aggressiveness pul oachyveandia was reated mitially with diszepam
{and imtravenous infirsion of physostigmine and achivated charconl]
nnd Besprislzed. Blood ssanple annlyrsd showed that a mmescarine
receptor total binding squivalent to bindmg of 130 pg atropime
(derernmimed by @ radio recepion techmicuel

Toxicology

The root iz the most poisonows, the leaves and fowers less so. and
the beries, excepl to children. least of all'. Lapge and Toft"
reported 2 case whers a boy (9 years old) ate 20-25 bherriss of
bellndonna plant and serious ntropine poisoning was cmsasd which
comunenced with payehosis; however, the boy aumvived with
miravenous adovinraration of physosiipmine Belladonnn has been
reparted to induce hlocknge of body nervous system, gastmointestingl
blocknge, wrmary refention, paraliic tlens, atowry, stemosis, fiss
hieartbent, constipation, esophngenl refhs worse apart from dry

meenth, enlarged papils, bhorsd vision, red dry skin, fever, inabalsty
to sweat. hallucination, spasms meatal problem, eovalzsicas, coma
mn:mgsl vilier as a part of toxic effect of the plat species, Southgate
e el ™ reported severe poseoning by desdly nighisdhade in two adutis
wlke mistalenly ate besries Atropme levels were repodted in usine
and treatment with physostigmine was meffective. Coksen er of ¥
analveed intoxication of deadly nightshade oo 4% childrex and
abserved  synptoms  and signs wers  memnngless  spesch,
tachveards, mydrinsis md fAushing buf pot denth,
Diiseases of Belladonna

Sanith* reported virus mfection in the plant species and #f ocoirs in
fairly bigh concentration withstanding for §-11 days m extracted sap
but was isnetivated at a temperatmre betweon 75 and 50°C. Sol &
al # rq:-}rtn:d bar A belladouma umuau. wirus is unnsmitted Dy
nemsatodes in sandy sodl, Hes e ol *® described belladonm monle
virs (beloigag to nongp aeoskie vins group) as small spherical
virus particles confasiting 180 peotein subunits and sranged na T=3
fcosahiedlval srface Bartice. The wg and Do viral components
crystallize tsonaorphonsdy in bexagomal space gronp B3 (=B = 196
A C = T20A), The maect pest that attack belladenna leaves is w0
called “fleabectle’ and it perforabes dee leaves to sucl an exdent that
if mvakes 1w for sale in A dried state (naphibalens kept i sodl
may be uszful to keep the beetles offy*

Criolagy

The chromwmome wumber m the species was reported fo be 20=72
(krumbiepel and Schiender™, Gleba et al *® Bahiyehuk ef ol ')

Cell hislogy

Dajai™ grew isalated PMCS (pollen mother cells) aseptically in a
nutriznt wediem in mucroculhere and foand a malthcellular strictre
giving rise 1o 6w 8 mdcrospores whiclh were released sf mamiity
due to pupbmang of thick callode wall caused by mside pressire.
Simoln™ studied the developmental chanpes (4 stages) in the
subczllular stroctire of the seeds. The woang cells  contain
spherpsomies and the cytoplasn with nbosomes, proplastids and
mitochondria and during rpening the vommoles of endosperm and
embryo developed mio projein bodies with globosd covities and fhe
proteln inass contams A ronsdish or avsialling body (stadn wath
periodic acid Schiffreagent), The embom and endosperm of ripe
Afrapa seeds were smilar centaining protein bodies and amall
splierosmnes.

Hyhridd amalysis

Enmnhiegszl and Schisder” made selection of somntic hybrids after
fasion of protoplasts fom Dasurs iwmria (diploid = 20-24. and a
tetraploid = 40=48 — chiloropbisl deficienr musanty and A, beladonine
(20=72). and the 13 selected hvbeids produced chromosomes at
metaphise varying from 84 to 173 and the chramosomes of ether
specics were distinguishable fom their <izess. On the contrary.
sexual - imcompatibility mm Tetineen I:II.E o plant  species
(Krumbiegel and Scheder™) Gleba o o™ sccessfully produced
sitertribal bebaid cedl lines of 4 belladorow = Nicaffans cliimersis
by clopie imdividual prooplast fuskon products and the hybeid
nafare of the clone lines (thirteen obtpined) in confirmed Ty
bischemical (studies of amyviase Bormes), cyvtogenstic (size and
mphology of chromosomes) and physiological (peculiarities of
cell gromaly i vitra)y analisés, Resulfs oblame]  were nilerpreged
as new evidence for the possibility of wsasg moa-sesal hybradazadion
for the production of such plant bybauds which canmot be obtamad by
sexual crossings. Gleba ar of ¥ made piotoplast fasion of N tabacin
(Ba55) cronam gall cells and 4 helladomoa leaf mesophvll to obfain
57 hiybrid lines which were verified from b:-l:dl.:mrcn] mlecular
ad eytogenetical studies Kushnir of o™ developed fanctionnl
cybipd  (mesophyll  profoplast  fosion) bepween A fabocien
(chlcrophvil deficient. treptumyein-resistanth and wild 4 belladomm
using the polvethiylene glyeolhigh p'"high Ca™dimethylznlfoide
method, Theee proups of regenerants were identified = (a} mnclenr
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bsbrads; {b) Afropo plants arismg from ™re surviving parental
proteplast. (<) Neotianaddivaps cvbreds possessing tobacco genonue
and Awropn plastome and the cybods were diploid morphologieally
and phencrypically stmilar 1o tobacee yelding viable seeds. Gleba e
at™®  obtained  asvewmetric  bybeids  between  Mieorlmig
prikhaglnfols ©=10) and A4 bellodorks (0=30) by “camia-
flazion™ and cviogenstic analysis of hyleid plaots revealed that the
plants  possessed  madtiple  (efra—or  hexaploidy sets of N
plbagingfeliz along with 6 1o 29 drepa chromosomes some of
which were deleted. DNA gemes of bolh parental species were
present and amplified momajociny of the bybeids bt chiloraglasg
DNA was only fram Afeotima parent. However Kishmir er af ™
cipaited  mouclec-cytoplasmic  mesupatiblity om0 cybnd  plats
possessing an Aropg genoans and a NMeorkaar plastome. Babivchuk
e ol (19920 showsd  spontaienns  exlensive  cliramdsome
climmation of A, befladopss in somsatic hybeid lines devzloped
betwesti N fabociwy snd A belladomna (20=72). All lnes (3]
pivsess 48 Tange dwonwsones saniar o N fehocar aod one soll
fragment of 4. belladomw Ahnis o al¥ induced infergeneric
spmeatic  hybrsd plants  between A beladomms (20=72) and
Hyoscyawaes mnticns (20181 and the plants varied in chromosome
pienber (100 o 178) and pross morphology, chromosoms
complementation as well a5 elinmation {Arow) were noted o
busirrid planis

Muiagenesis

Eml and Chosdhary™ wested sesds of 4 helladoma  with
nitroseguamidme (M- | and 2 mM) and ethylens mmine (EI- 0005
and 0025 %%) resulied m =gmficant merense in plant heaght, tiller
munber, leaf mumber, leaf length, leal widdh and alkaloid coment, Tt
was alen observed thar all the weanments (except MG 1 mdd)
vesulbed ot a eogeaderable wmerease fn varabality in alkaload eoitent
ps compared to the control. Abdel-Hady ef of ™ casried ot
mvestigation b0 improve  genminabion percentage  and  alkaloid
producton o Belladonna seeds followiog treabments with gamon
mmdemtions (50, 80, 110 mod 150 Gyl and mbberellc acid
(20,4060 80,100 myd 120 ppn) aod o was foud that enbancemeni
Hi gesmEEen Geci apto 150 Gy {rradsation) and 100 ppin GA
treatments and best was recondad af 110 Gy imediation and 100 ppm
GAL Sead colous (red seeds) and tlree promasiong high alkaloid
cotiainmg nusants (v-11-1. MM-11-2 and h-13-1) were selected.
Muolecnlar gemetics

Tung mod Tepfer™ mdueed genstic ransformation m A befladamm
colinced bicmass and wopane alkalod production by oot incecing
(Ri} T-DNA from 4 ridzogenes. Borisink e o™ snudied the
behavior of ribosomal BNA penes i the process of somat
hsbrodizaton  bebwsen N tobocaum and A beflodeme Bl
hybridization of parental species DNAS to “PoDINA gpecific probes
revealed two classes of ribosomal repeats (A febocwoe — 11.2 kb
P04 kb A baladsmne — 04 kb, 102 kb)) and a sew class of
ciboscamal DINA repest absent i parental species was found o
bhybid lice NtAb-1. Mathews er of ™ developed transgenic A.
befladaomns vin A teifciens (O34 CL. harboring the plasmid pGy
38501103 contammg  fhe coding ssquences of neomycin
phosphotrnsfarase; explamts cultured overmight with or withoud
aoeosyringone), and Sowhern hytrkfsion showed e ntegration
of fogeipgn DA dmto the plant genome. OF the progeny tested. 2 o
of 3 shewed moeaogenic dominant segrepation for kan super (R).
Kurioka e o™ reported kamamycin-resistanl mansgenic by
transfimrmmg with a CabdV 355l C chineric gene (co-intradueced
MPT-II) of the Bi plasmid of 4 whizogesss. and the ttansfeomed
plants exbibated dranane peomotion of Sewerme, reduced apical
disinance, pake aul lanceolate lenves and swnller flowers. Saio &
at ™ alen raised herhicide- resistant A beifadonme using Ri binary
vector (pRa15834 and pARKS) and mbegration of T-DMNAs from
pRil53534 and pARES were canfimmed by DA — blot invtmdization

The transgsmic plants showed remstance towards tanlaphos and
phosphinothricin. Yim e o™ induced transgenic A belladonms
(hyeseyvaming 6 beta-bydroxydase which catabyess the oxidative
reactians i the patbaay leadig fom yoseyamine o scopolanrine
tisder the contral of the canliflowes mosaw viee 352 proswobet ) by
the wse of an Aprobactesling — oslisted masfonmetion system
Jaziri et of ™ obtained transgenic 4. hellodonms doubly transfonmed
with different 4 ricogemes (ATCC 15854 and MAFF-03-01T14)
strams in hairy ond culfure, The transformants were fested by the
opine assay and pobymerase chain reaction {afkaloid conbent
inlermedizie while TAS level decreased m wansfirmst 10004
Yoshimatsu e ol® indsced root cultures (integrstion of beta-
ghiwnoiidase sid neomyver phosphotransfirase gemes by bdoacy
vector method) Som diploid and hapleid 4 beifadonme using Ri
plasnis of A, Priizogewes (Srann A%, Except for e rol b ad rol ¢
mpiertion snsants, the diplead plantlefs were wath hadiy ool
semddropee; wlhile, the heplaid exbibited dwarfing featares. Sumki ef
ot isolared hyoscyamine 6i-hydosylse gene from A, beilndonma
and showed thar the gene was differennally expressed m e Toop
pevicvele and sothers. Bonthomme of ol ® raised fransformants of 4.
belladorsw hairy root lines via A penefaciens (2 seriess rol C and
ipd-IL; rod ABC and npt-11) and were confinped by PCR analysis
Possible rode of rol O @ene do haioy oed goowth rate and iropake
alkalodd in baby root culee was studied snd found fo be enbhanesd
several folds. Schmitz-Tinneweber o o ™ sequenced the plastid
chromasomes of 4. beliadwmn (circular DMA of 156, 658 bp) and
comparad with the published sequence of N fabocwm 1o nndarstand
muclenr-plasiid mcompatibilites and o specintion. It was noted thit
(1} promoters as well ax translational and repdicational signal
eletnenta by both species were well conserved; (2) genes were Tiighly
cotsservad, with differences residing predomnantly in fegions of Low
fairctional importance, and {(3) RHA edidotypes differ between the
species casing rapid reproductive isalation of popudations. Fukomd
ef af " induced Salicdic Acid Carbogd Methyltramsferass in hairy
root culbures of the species and the gene wos expressed to o high
concentration of exogenously added salicviic nod, expression begins
17h after the expocure and continned over 144bh. Nomar or of ™
repoited six differentially expressed genes {confinned by BT-PCR)
i A, betfadsing [mm crawn gall following Rtovforoecas fechas
mbection. Kress ef o, made comparizon of the weal plasid genome
of tabacco and deadly night<hade md suggests that the sequences in
the loes {icler witenal transerbed spacer tegren and plastid tmH-
psbA interenye spacer) were potentinl to discriminate the large
nnmber of species for harcoding poses, Yoan ef al, " fuseried a
velropeson, i the nnclear penes granle-boond starch symshase [
(GBHSST or waxy), which reveals the extinet dipledd ancestor in the
polyploid arigin of bellndows. thereby sugpesting that retroposons
werz poondsing molecular mmkers to sndy polsploid evoeluton.
Kowen er al ™ studied the expression of A befledoma salicvlic acid
(5A) carboxy] anetbyltansfoase gee, ABSAMT], awoding 5-
edenosyl-L-meghionine  (5AM): 54  carbood  mehylomnsferase
(SAMT) im A Bellodoresr atter application of hiofic and abiotic
siresses o plants, Results suggested that ABSAMT1 many play n dual
regulation rele of distingt signaling m 4, bellndonng plaots, namely
the signaling pamiway of the SA=lependent respoise and also &
Jasmionie ackl dependent response i local reglons.

Biotechmalogy

Rajbhandary e o™ iitisted root, callus and cell suspension
cultires from seadlings of 4 Selladanme, Culured roots amd plats
raised from shoots inrtoted on culhared calhes were shiown fo contain
alropine  (hyoscyomme) and  hyoscine and  cnscohygrme, The
alkaboids were found o be absent fiom oulnwed callos and cultored
cell suspensions and from keaves when initisted withmst roots on
callas, Thomwas ped Street’  observad aganogenesiz m cell
suspension culiwe fom excised cultured moots of the species
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Thoimas and Stresd™ noted the factors (ame that the ot cultores  sten callus bines, After the 97 passage the alkalosd content decteased

were maminmed, composition of the medinm. subssqnent anlturing,
elevated amount of ammoniom ensk infleencing morphogenesis
excicad roor and sspension culires of Belladomna Konar & af
stidied the diversny of marplogenesis m snspension cultures of 4.
bellodormin. Rashid md Sweet™ stadied the development of haploid
embryoids fom aitler cultwe of 4. felladon Rashid and Street®
fiarther studisd gowth, embryogenic potentiality and sability of a
haploid cell culhwe of A bellodemms, Gosch ef ol ® isolnted
protoplast from achively prowmg cell-suspensions of 4 bellodem,
which divide repeatedly and o inderge erplevogenesds evenmally
developed into plantlets. Optuonim pretoplast vield was upto 80% i
4-5h by tivating cell suspensiod with enzyase mithne of cellulose R
10(1%6) and mecerozvue RAO (0.%%%) in 0.6M sorbited at 30°C.
Eapen e of © mvestigated mosphogenetic and beossnthetic ability of
tissue culnmes established foom haploid and dipledd plaats of the
species. [ was observed thas hapledd tisswe sépmerated jalantlets
orich moge readily than did the diploids. The regenemnts eltained o
vl were snecessfully transplated 1o 5ol and grown 1o flowering
gtage (alknlodds in quantities coneparable to the plants radged oo
seeds). The awhors™ esablished tissne culhwes from leaves of one
anther-derived haploid plaot of 4. beflsdommy, and the repenstants
obtained from cnllns coltures wete transfierred ro soil ad reared 10
megtarity, Callus cells [(alkalodd content low) and pegendants
{content vartabls) exhibited variable degres of ploidy. Torg and
Potrydns™ isolated leaf mesophyll profoplasts of 4 belladonms and
when culbured in defined lignid culbire media regenerate cell walls,
divide and form calli. Subsequent mcuction of shoat and root
organegenesis leads o plntlets wlich grow o matunty after
transfer io soll. Heberle-Bors™ noted the effacts of different rvpes of
gion chelates and activated charecal 1 ante culhwe of belladogusn
iMitsch mednuy). FeEDTA was supaos o FeDTPA (Sagoestraie
1300, FeBEGTA. FeEDDHA (Sequesirene 138) or Feo cimate,
Activated charceal in combinatien with FeEGTA and FeEDTYHA
mhibifed hapload formation due to the prefersmtinl adsorption of
these ron chelates by activated charcoal. Tron chelrles seemed 1o be
active durling the wanstion from the glabakar 1o the hear-shaped
stame of embryogenesis: while, activated charcoal mscreased the
pmout of premitotic pollen after & week of cubure. Salonen™
showed glutamate and aspartaie derived amine acids wers nsed
alone, or with morganic ™, or 0 vanous combinations as M zources
effectively enhanee growih for stein calhs culhwes af 4. belladomeg
bt growih was found te be refarded by mwnme ocoiduoe
bythonsgeline, lysine, thoeoiing isolencine ad metaonine, Cacig
and Protiva®™ indeced crowm galls snd hairy roots in fr virre
cultivated sesdling of 4. belladons by different A fronferclens and
A rliizogeres strains. Only root cultures induced by Bi plasmid A4
synthesized detectable smounts of alkaloide Nyman sud Simala®
showed that suspension cultwes of 4. bellodsswig possess linkited
capacity o regulate the wansport of phenvlalanine {precursar of
atopine) mio the cells af sationary phese of growth. The rmie of
phenyialanine upinke was fastest fom 2 do 7 deays (increase fom 50
e 300% depending on cell lme) affer the start of the suspension
calture. The enhancement may be inbrbered by cvelohexanids as
well as glurmnme by repressing the syithesis of phenylalanine:
Simols and Mieminen™ iniviated callas culres (n=156) from one
wotung 100 and from stems of 12 plands of 4. bellodesiris. The calli
derived from the smme pisce of ¢lemn showed wide viwriaticos in their
groath response on modifiesd Wood and Branm's nutrient medinm
aad in thewr alknloid proedwection. Levels of alkalopls were s
sighificanily higler g the cullos culbures of intact motleer plants
prssessmg a high level of bymscyamine and scopolamiie m seeids
roots, or leaves than in calhe culhures oripmating from plants with
ko alkaloid prochechon. The masamnm liyoscyamine comfest (0.2 -

capidly, and the repiession of synthesss may e be prevented by
lower temperature (15°C as against 25°C) or by lower or higher
auxm level of the mednon The besi sterilization protoced in A
Bellodorong 1s that 10 mindbes mainating by neutral seour, 30
mrinwstes over-washing by tap water, & mmutes sberdlization by 0.1%
meercic chlocide, rimsing 3 to 5 imes by sierile water. Appropoiate
medinm for inducing the differentiation an bed of the first oaliore is
MS = 0.7TmgL 6-Benzyl adenmz + 0.2mgL. NAA + microse 3.0%,,
The appropriate medimn oo step-genaation and propagaton of bad
is M5 -+ 0.5mg/L 6-BA + 0.2yl NAA + @icrosa 3.0%: whibe, for
vooting the best medium recommmendad was M5 + 0.2ing L [BA +
sucrosa 20 % [100% rooting) Asallary bods dipped m O.1%
colchicine induce highest e (43%) of potvplody™. Nyman™
labeled 1-C arginive (Arg), onshime (Ovn) amd plhenylalanine
(Phe) smd mearposated ke lyoseyaimine snd scopelaming of btk
dissected moofs of mwitact plants and hemopenons o acerepsfng
sispension culnwe of A bellndarowy and found sl lovgtine,
rropaiaeme andd ropanol were presenr omly dn roots, and alkaloid
gynihesis proceeded as far as to scopolamine thereafter. In the
syailiesis of the tropane skeleton, Om was used more efficiently than
Arg, Phe both in roats and sospsnsion cnltares, and the label was
incogpacated i both sthanel msoluble compoonds (particularly
proteins} and efemol seluble compomds (phewedics). Tt bas been
veported that in heavily oot suspensions neither hyoscynmme aor
spopolamine were fomnd, hot fraces of tropanol wers detected
therslry suggesting that the syuthesis of fropane alknioids sesms to
be regulated at the later biosynibetic steps. Hilton and Wilson™
stucied growth and the nptake of sacrose and mimeal was by the
transformad root culiwes of 4 helladoomn mnd othes related spacies
and bybeids (exmmined dwing batch cultwe over 22 days
e ified 14 litve stured tank reacters containing Citulhﬁ?:'s BS al
meditum; all cothaes conpletely removed MH;™ and POy from the
medinm}), Each of the cultiwe consumed MOk than any other ion,
and concomitrnt uptake of sucrose and release of ghicose mito fhe
medinm. Roots were found 0 contam low levels of free sugars and
biyosecyvaedie produchion fangead froas 115mg to &33mg per feacion.
Acki ef al.™ studied variation of alkaloid productivity among several
clones of hairy roots end repenerated plamts. Lee e of™ showed
cubiancemant in wopane alkaloid prodaction (1490 mg produced in
30.1 tank) by transformed root culnwres of Balladonna Yang ar o ™
shidsed fleral ocpanopenesis and developotent followang SEM
analvais i 4 belfpdonws ad g Solasceows member (Anivoas
tanguiicus), Rothe o ol  fused podl  (Putescme -
methsdiransforase) geve fom N febarem with CadlV 355 promater
and miegted mio 4 belladowing peroane and the tremagenic plants
devived from root cultres shavwed over expression of the pene.
Expression level of pmit alone is apparenthy not limiting for fropane
alkaboid formation in 4. belladomn, Richter er ol * reported that the
averexpresidon of tropmons peductases alters alkalesd composition
i root cultares of the species. It has been Sowsd that stoong
expression of the tropine-forming reductase enhanced  S-fiold
seapolamine and 3-fold hyoecynmine comparsd with control roots
CONCLUSION

Fresent and fulwe resesrchers mieresied in e plant species may
ik of enhancing te exising gene pool {althoweh he plant species
s perennial but seed prepagated) throwgh e methodelopy of
mdueed mutegenesis and i possible by bioteclisclogical
approaches to screem desireble variants with enrichad alkaloid
contents. Furthenmere, sustamable cultomizon of the aop uoder
suited chmatic conditions i3 also mn essentiality for 1fs effective
urilization w lnuman benefins

0.3gKg dry wi) was usnally found between 70 and passage n
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