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Role ol germination induced peptide pool in plant tissue culture
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Abhstrnct

Eavwe wwslecuibior veehghl pepliches (ranges feom 3.0 KDa is 0.5 KDa) wers extracied and purified from nice,
wheat, chickpea and mungbemn through erysciazhing, cold cemirilugation, ether feoctionation, calion and
amon=cxclange column chromawographic separtion, Iyophilisntion and ulirafilration. The profile of
eterogencous peptides was detecied theough one dimensional paper chromatography. Peptide fraclions
swolated from dilTevent germination hours of munghean cnhanced mitotic index, more particularly prophuse
of oot g of Afliem eepa L. and executed definile control over morphogenesis of excised and cotyvledonary
cmbryo culnure of chick-pes seeds (Cicer arferiunm L.} Restricted cullopenesis in currot pith culhire was
observed by the application of wheat pepiides without any other hormones. Qur speculation is that the
peptides can miniie the action of hormone ard behave as novel kind of bioaclive molecole through which

the physiological responses can be modulied,
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The growth and development of higher plants can be
congidered o be characterized by the execution of cell
division, expansion and differentiation along two aes:
the apical-basal ond radial patterning. In evolutionary
terms, the apical-basal axis of development ean be
consydersd 1o have & strong selective advantape based
upon plant competition for light, water and nutrients.
Becauss plants are sessile organisms, their success (n
parucular environment will depend on their ability 10
integrate & complex range of exiernal and intermal
information that may vary from time e time

It is now fully recognized that plants exhibit grealer
morphological and  developmental  plasticity  than
animals. This conclusion has emerged as a3 result of
integrating the data from molecular biological and
genetic approaches with data gained from whole-plant
physiclogical investigations (Trewavas and Knighe,
1994). This organogenic plasticity in  planis is
coordinated by complex interplay betwesn diverge
sgnaling systems, leading to its immediate ranslation in
the rate and plane of cell division, and cell expansion,
The wiipotency and plasticity of plant cells and tissoes
can be vividly exhibited when they gre cullured it vitro
with changing hormonal profiles, Basically plant tssus
culture relies on the fact that more plant cells have the
ability to repeneraie a whole plant Emipoetamily
wtipotent cells must be able 1o differentiate not only into
any cell in the organism, bul also inle extra-embryonic
usste  associzted with the ‘organism, During
development, the activities of plant hormaones such as
auxins, cytokinins, ethylenes, gibberelling and nbscisic
acid depend on cellular contest and exhibil inteructions
thal cam be cither symergisic or antagonigic For
example, BuXin can suppress cyiokinin biogynthesis
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{Nordstrom ef al.. 2004), auxin and cylokinin can aci
synergistically to induce cthylens biosynthesis (Vogel 2
al, 1998} and ethylene can modify ouxin responsss and
meristem function (Souter ef al,. 2004; Stepanova er al,
2005).

To date. researchers have identified four major group of
peptide-ligand-receptor pairs in plants (Ryvan er al,
2002}, which are involved in a variety of developmental
processes,  such a5 wound  responses,  cellular
dedifferentiation, meristem  organization and  self-
incompatibility. However, these must only be part of the
story, because plant genome sequencing has revealed
many genes predicted to encode small peptide ligands
and receplor-like Kinases, whose funclion remain o be
uncovered (Shin and Bleecker, 2000). Furthermore,
dduced musation in prohormone processing proteases
has been shown 1o disrupt plant  growth  and
developmenl,

In this context peptide fractions isolated from differen
germination houss of Vigna radista cv. Sonali B were
analyzed for their bioactivity related o morphogenesis,
cell division and dedifferentiatbon, Now, proger embryo
development and germination are the learning phase for
any plamt to face the challenge of its adverse world,
These rwo phenomena sel  the ‘programming”  of
upcoming metabolic machinery, which will last till the
death with minimum ‘tuning’. ‘Germinatien' iz that
crucial peried where satotrophic plant also behaves
heserotropically, which is an excellent manifestation of
ns selfishness and dependence, and slowly empowers s
machinery for their fulure “awtotrophic’ nature. This
‘switch over” ix controlled by a number of inirinsic
factars, inggered by imernal and cxiemal signal
perceptions. This report s an atempt wwards the
underslanding of chunging pattern of peptide bioactiviry
isolated from deflerent germination periods i - hrs of
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perminaton} of sonamung [ Vigna radise (Wilczek) cv
sooali B1] and plzo the micraction of these peprides wiih
different hormones controbling gravih and development

Material nnd meilods:
Plant Warerials Jor Germinnron

Secds of dicolyledonous plant material, mung bean,
Vigna radicta (B semali var.) were collected from
Central Pulses Resesireh Institote (C.P.R 1}, Berhampur,
Wesd Bengal, Imha, Sesds were weiphed {exch ser of
2501 and allowed 1o eulture in sterile pelri-plaes with
absorbent collon supplied with modified Hoagland
srlution wath one-hall strenpgih magos nutnents and full-
srength micronutriems. The nutient  solwiion was
aerated cominoously ond renewed weekly. Experiments
were conducied inside @ controlied environment growth
chamber with following conditions: 14-h ligh perod
with 4 light intensity of 350mmol m? 5", 25 =¢ 7 20 ¢
day f night temperature, and B0% relative humidity. The
plant materials were grown for &ifferent germination
hours like On, 8h, 24k, 32h, 40h, 48k, S6h, 64h, 72h
adays, Gdays and Tdays respectively and treated as
dilferent  sets for definite  experimental ebjeciive.
Likewise certified seeds of rice. wheat and chickpes

wore also processed asepiically and culiured as stared
above,

frolation and Purification of Low Malecular Werght
Peptides

Extraction: 100 g of seedlings were cut into peeces.
rinsed with 0.2% sodium hypochloride for removing
comamination and washed thoroughly wath stenle
distilled water, The szedling picces were frozen in liquid
nitrogen, crushed and extracted with chilled disuilled
waler with a mensured amount by blender at 4°C in cold
room. The muterial was centrifaged at 10,000 gpm for 10
min using protease inhibiter PMSF w1 4°C 1o precipitare
the unwanied materials. The supematant was collected
and stored in deep freeze (-20 *C) for further soedy

Ether wash: The extrocts were subjected 1o ctlicr waih o
acidic pH (5.5 w0 remove endogenous  hormonal
bimpinitics, fals, lipids end cils,

fom  exchemge  ehromatography: The extracts were
purified through cation and ameon exchange reun
{Dowex 30 und Dowex |, Sipma Chemcal Co , USA
lilicd in two-gliss column (60 ¢cm x 2.9 cm, | 6 mey!
mi.). Freshly prepored 3{N) ammoma and (N3 HCI
werg uscd for elwtion of those peplides from the cation
and union exchanger column respectively. The ammonia
inel HCY were made fres from extract solution through a
liquid nitrogen trap fied 1o @ Lyophilizer (Lyolab BIL
The whole extract wos freeze dried to smaller volumes.

Ulrresgfilrration: The Iyophilized malenal obtoined fram
each sef of respective germination hrs were separely
undergone wire-filtrntion threugh 2 millipore stireed cell
Mied with 10000 Da (YMID, Amicon 3 3000 Da
(M3, Amicon] ond 300 Da (YOOU5, Amicaa) cwl off
filier paper scparsely ond the filorare between 3000 1o
SO0 Do owere collecied. Precawbons were taken for
removal of amino acids from plomt excract by using 500
D cut ofl wltrafilration for three times in cach case
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The ulrrafillterd sample. were Tyophalzed and dissalved

in 10 mi disvilled water {for cach seid and stored in deep
frecze (o R0 °C).

Paper Chramarography

100 ml {§ g fresh weight equivalent peptide) of each
isolated peptide solution (pepide solulions of dh, Zdh,
32h, 40, 480, 56h, Bk, 7Ih, 5days and 6 doys of
g=rmmation)  was  ipaded  onte Whatman  No-d
chromatography paper (size-06 cm % 57 cm. teckness-
0.16 mm}, and scparmed by descending chromatography
with Tsopropanol: Ammonia: Wateri 13 1:1 wiv) Aftes
removal of solvents the paper was sprayed with freshly
prepared Ninhydnn location reagent (028 ninhydrin was
dissolved w 100 mi methanol) {Plummer. 2003 un
paper. The paper was placed in oven at T0°C far a very
shoet  period. When the  bluish-purple EpOLs  werg
developed then it was taken owl of the oven and
documentaton was done.

Cytogeneric Studies in Allium cepa roor merislem cells

For dewenmuination of cytogenetic  parameters,  the
experiments were cumied oul by the method of Konuk ¢f
al., 2007, Roots of Alliwn cepa L were meated with 10,
3 and | ppm peptide (lyophilized dry weight afier
ultrafiliration) solution isolated from three days old
seedlings of rice, wheal, chickpea and mungbean, Since
almast ane day is required for completing the cell cycle
of Allwm cepa, expenmentation periods were fixesd for
24 . After treaiment, rood Lips were fixed in ethanol and
placial acetic acd muxture [3:0) of another 24 b at 5° C.
Microscopic shides were prepared by squashing the tips
i acetocarmine 1% (wiv) Mitotic phases wers observed
and phatographed wnder Olympus researsch LTV ETE
and  muouc idex were calculated for each  dose
intreabuged

Plani Mateeurdy for Embeyo ard Pl Ciliire

Curral Pith Cultere Cofron taproots purchased from the
tocal market were psed as plant materals for the sunly
The camals were chowen uw.'u-rdlrl-g i their ||:1|.|h|11=5_'r.l
umoothness and freshness After removing $ em sections
friem baoth cnds, the carrots, were peeled ond washed
fullowsd by snmersaon sn 70 % cthanol for 20 min
Sremdiranan wos comed aul in 1% sodam hypochlorie
solution B B3 min, 1w wlieh two drops of Tween 20
were wlded This was followed by rinsing three times in
denile distilled waier: Alsost 2 anm thick dises were cut
from the carmods an such o way so a3 (o include the
wylem, phloem and the cambiom. The cubes were
insculated  onto the  culiure  mediom, maiaining
polasiry

Exwcoed and conledongry embryo cullure af Cicer
arielinier. Socdy of Kabule type chickpea (Cicer
aricfinum L) were surface sienlized as above, seed
coats were removod  aseptically and  cotyledonary

embryo or excised embryo proper were wsed for lissue
culire,

Cultieee Meduim and Celture Conditian;

The cubure medium used for all expenments was bused
on bS5 medium (Murashige and Skoog, 1962) to which
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3% Difco Bacto Agar mnd &ilferent concentrition of
peptides were added, b oo plam growth repilatons
The comtrol  consisted  of  bosal  MS  medium
supplemented with 2, 4-D ond BAP, Medium pH wnos
adpsted 1o SR with KO belore adelimg the agar. Al
media were sterilized by atoelavig ot 121° € amd 100
KPa far 200 imn. Cultares were incubaled o 24 & 2 ¢
and exposed for 16 b pec day woan illumination of 16
pmabi s provided by white Mioreseent lanps,

Bdctermvinaiton of Perowidiae omnd Tetal Peodein

Craidde Perovudase extvacis were prepared by grinding o
resh tissve w001 M phosphate bulfer (pH 7.0), The
homegenate was contriluged ot | 5,000g for 15 min, The
wtal Guasawol Perovidase activity of supcmnlanl was
derernmined spectrophotomertically w470 nm (Krsnik-
Basol, 1990} Enzyme activity is expressed as A E
fresh weight) ' nsin

The 1otal protein in the supematant was delermine by
the method of Lowry of al. (1951) using Boving Scrum
Albumin Froction V as standard.

Rezults and Thiscussion

In spite of the inporance attained by plant lssue culture
and of many studies that have been condicted on rebited
developmental peocess, there are still many aspects of
growth and dedifferentiation  that are no  fully
undersiond. Recent progress achieved on understanding
the interactvon between exogenously added plant growth
regulators  over the concemtration of endogenous
hormones, together with the involvement of sensitivity
of the tissues to particular hormone groups, might help
clanfying the occumence of divergent pattems in callus
induction and somatic embryogenesis (Jimenez 2005,
In the present investigation, callus induction in chickpea
was observed omio M35 media containing different
concentmtions and combination of 2.4-D, NAA, TAA,
BAP and Kinetin within 20 days of incubation of
coryledonary embryo explants depending upon the

comcentration amd combinniion of hormoenes, Callus
idhiction was noticed i all media formulations. B
there was o wide range of variniion in percentape of
eallus fornmion anidl average fresh weight of collus, The
highest percemage of callus induction (90%)1  was
ulwerved on MS media contoining 3.0 mg? 2, 4-0 and |
mpA BAP, The resuls wre in concordance with Hudza e
al, (2003} where they showed that 2, 4-D and BAP were
the most ideal harmonal combinmton in M5 mediam lor
induction of callogenesis in Clcer arictimim L. Highicsu
collus growth in tlerms of fresh weighe |0.576 gl was
observed in M5 medium loriilied with 2 mg/l 2.4-D, 0.5
rgfl BAP and 100 pgfml of rice peptides. Colour of the
calli was mostly light brown 1o whitish green and lighe
green. |l was observed Lhat only light green calli
produced thoot buds. From this siudy it was observed
that 2.4-0 without cytokinin could induce callus but for
better proliferation suxin (2.4-D, NAA and LAA) and
cylokinin were required. Maximum shoot buds were
proliferated Irom MS media eontaining 3 mgi 2,4-0 4 2
mg/l BAF. The shoot buds first appeared as nodular
grawith from cotyledonary axils after 22 days of culture
and ot the end of one month these nodules increased in
size and produced leafl primordia,

Mo remarkable enhancement of callogenesis  was
observed from our experiments when the peptides of
rice, wheat, mung and chickpea were incorporated in
both auxin and ecylokinin  fortified medium.  Bul
percentage of callus induction was swikingly lower
when only auxin or cytokinin is preseni in the medium,
In this conditien, if the above mentioned peptides were
combined with either of these two hormones (2, 4-D or
BAF) prominent increase of callus tissue was noticed
and peptides isolated from one week old Vigna radiom
Wials most respongive. As the bioactivity of Vigna radiata
peptides were observed 1o be most prominent armong the
four, only Vigna radicta peptides isolaed from differen
germanation howrs of growing seedlings were taken for
further bioassays.  Induction of callus gradually

MULTIPLE SHOOTING OF COTYLEDONARY EMBRYO

MULTIPLE
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Fig.1: Multiple shooting of cotyledonary embryo ol Cicer arietinm L. after application of peptides wsolated from
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PEROXIDASE ACTIVITY IN COTYLEDONARY
EMBRYO
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Fig. X: Peroxidase activity of cotyledonary embryo of Cicer arietinum L. afier application of same peptides

imcreaged in MS medin fortified with 3 mgl of 2,4-D
and 100 pgimi of peptides isolated from B to 64 hours
and the maximum response was oblaned al 2.4-D + &4 h
peptides where callogenesis was observed in B6% of the
cxplants. The minimum résponse of 58% callogenesis
was obhserved at 2, 4-D + 5 days peptides combination
whereas the callus induction was only 49% when only 2.
4-D alone was present in MS medium. So the results of
the presemi study conclusively demonseated thal the
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Fig. 3. Mitotic index of Alliust copa L. root tip after
application of | ppm pepudes isolated from 3 doys old
mung bean secdlings
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induction of callogenesis was amplified significantly
wiien p:pliﬁ:s nr E::rmlnul:ing_ ml.lng bBean  were
associated with auxin. Restricled callopenssis  was
ohserved ot excised cotyledon nodes when rhe same
peptides were combined with BAP (Fig. 4 xi A & B). In
BAP combined peptide medium, the calli were frogile,
light green and embryogenic bul no callogenesis was
documenied when BAP was only present. Peptides in
BAP combining medium enhanced the potency af
regeneration of multiple shoots (Figd  i-x)  and
maximum percentoge of mulbple shooting was observed
al | mg/l BAP + T2 h peptides with almost 79%
regeneration capacity (Fig 1h Maximum  multpls
shooting was only 53% when BAP alone was weated
with explanis, So in true sense germination indoced
peplides improved the bio-efficacy of baoth the classical
hormone 2.4-00 and BAP. Bul pepiide alone has no
capacity to induce and proliferate callogenesis and
multiple shooting in Cicer arieiimam. Also it was furthes
documented that BAP (| mg/l) combined peptide (100
pgfml.y mediom reduced the number of multple shaots
per planl, though the same combinalions enhanced the
percentage of regeneration of multiple shoots from
colyledonary explants when compared with BAF (1 mg/!
i1 alane.

Legumes generally and  chickpea  particularly 15
supposed o be recalcitrant and difficull 1o manipulawe
with in witre coltures. The alieratian in rnl;lrp‘lms-:n:.ps
that was achieved due to application of plant peprides
with either aoxin or cylokinin may be considercd
significant because it was reguired 1o overcome the
recaleirant behaviour of chickpea, Though in chickpen
collogenesis was not accomplished only by peptades due
to this abstacle, in carrol dise eulwre {(Fig. 4 xiii)
restricied callopenesis was observed in lower frequency
(16.82%) by the application of whear pepide alone in
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M5 modium withowt the combination of any other
hormones. Generilly i corred optimum callogenesis
wis nbscrved in combination with ¥ mgfl of 2, 4-T aund
Fomgll of BAP (Fig J xiid). os established from our
experimental  resiabis opnd e Tindings were  also
corroborated with s views of other developmcanl
baologists (Jimenee er af, 20005 No eollus induction
his b docunwented in carrd ool dise culiure in M5
sl swiny oriusies o peplides,

Form e above discussion i1 may be conchsded 1l
woduded poptades somchow mimicked or influcneed the
callus fnshwmg paiems of chickpen or camed, reguliled
by susin. The resulis were wgain reasonghly Tsclmging
when the pepisde fractions of cdilTereM germinudion
Beviars (05 B den & days ] weere subjected for incubstion with
nnbolichlly deviding merisiomatic zones of Allive cepa
for obeerving their direct effect on cell division, Like
callus inductusin mitote mdex of Alfiuer cepa rool Lip
wis also imcreazed with the application of  Vign
poplides  isolated  (rom germinsting and post-
gernnniting phoses of 0 b o 7 days of scedling age.
Mitotke  nedes was omaximized  with  peptides
representing 64 hoof seedhng age and afler 3 days; the
effect of isolated peplides was gradually retarded. When
thi bionctivities of 64 h peptides were further ¢ lucidsied
with paper chromatographic separstions (Fig. 4 «iv),
wag observed that the mitotic index drastically increased
with two frections (Byzone | and B, zone 3) bad the 1otal
smprovement wias the meflection of enhancement of
prophase. This s again fairly intereating because il
shows that a preliminary signal indoced the mitotically
sctive cells 1o enter in dividing phase (M phase) bul due
o lack of some componenis, most of them were
specifically arrested n prophase (Fig 33, In contrasi,
apphcatron of peptides. separated from K, zone d
reduced the whole mitotic index of the cells,

Cell cycle is a critical and disciplined phepomenon,
which generally shows no by-passes lowards the
decisive resull, The basic machinery of cell cyche 13
highly conserved. In particular, many ccllular evemls
dunng thas cycle progression are controlled by cwclin-
dependent kinases (CDKs) Plants  possess o unique
class of CDKs (B-type CDEs) with preferential prodein
accumulation at GIM-phases and control the entry inte
mitosis from G2 of interphase (Fobert e al, 1994,
Sepers ef gl, 1996). The repulations of cell cycle
control of amimals are subseqeently different in the
embryonic and somatic cells (Tnzé and De Veylder,
M06). Sawter er af (1998) hypolhesized thml zygotic
regulation of the first cell cycle moy contnbuie Looa
greater  adaptive  ability of plants during  early
embryogenesis, unlike animal embryos in which the cell
division is more rigidly fixed before fertilization. This
analysis also might lead 1o the prediction that embryonic
tssues of planiz are more fotipotent than animals with
greater morphogenic plasticiy which might be due o
the contribution of diffusible peptides in addibion to
classical hormones. Endogenous bioactive pepiades, ie,
plant-derived peplides that evoke specific cellular
responses, provide the most direct evidence for a
gencral robe of peptides in the regulation of plant grawth

-

Fig mhé

Fig. 4: | = Treatment with BAP, Fig:- ii = Treatment
with BAF + 24 h Pep.; Fig:- iii =Treatment with BAP+
32 h Pep.; Fig:- iv = Treatment with BAP+40 h Pep.:
Fig:- v = Treatment with BAP+48 h Pep.; Fig:- vi =
Treatment with BAF:56 h Pep; Fig:- vii = Treatment
with BAP+&4 h Pep.; Fig-vili = Treatment with
BAP+72 h Pep. Fig:-ix =Treatment with BAP+5 day
Pep.; Figi- x = Treatment with BAPY & day Pep.; Fig:-
xi A=MNormal culture; Fig:- 11 B=Treaiment with BAP+
f» day Pep.. Fig:-xii =Nermal carrot pith culre; Fig:-
xiii =Colwure with & day Pep; Fig, ziv = One Dimension
Paper Chromatography of germinating mumg bean

and development. Alrcady the peptides like POLARIS,
Phytosulfokine, EMOD 40, Rapid Alkalinization Factor
[(RALF} amd Clavala 3 (CLV3) have been shown o
have pivotal roles in plant growth and development
(Matsubayashi and Sakagami, 2006). On the other hand,
different physiological upsets, like wound or pathogen
(e.p. Agrobacteriton  lumifociens)  invasion.  con
stimulaty mitoie division,

As these peptides of ulira bow molecular weight ranges
were functional from extracellular mediem and showsd
a direct effect on mitotic index, they must have
diffusible properties, which were thought to be much
better suited to penetrate the rigid cell walls between
adjgcent cells as compared to large pepiade hormones.
Research in recent years, however, hes indicated that
peplides may be widely wsed as chemical signals in
plants as well. Like Phytosulfeking these peplides led
the cellz towards the entry into mitotic division phases
but unlikely unable to complete the rest. One thing we
must fake in care thal the source of peptides is mainly
developing embryo and the 1est matcnal is somatic
nssue. Therefore, it is quite logical 10 say that these

37
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peptides pramoted the cells fowards the divisisisal plise
by creanmg immense nigact over cell divison an
developing embryo, As a matter of [acl, e peptides of
R, ronc-4 have nogative regulnton o both cell division
and amylase synthicsis. Sn. i s reasanahly justified o
assume than lving system i so disciplined nnd balanced
Mat 11 always maintaing o feedbiack inhshirian within
thems. Though it is somewhnt surprising for the sanme
wlecube 1o mhibit both of the above acliens bu not
impossible,  Oor  investigalions  with  perminating
somamung suppert the abuve view.

fuke all develapmental processes. callogenesis and
orpanogenesis was also associated with alteration of
pasdative siress. Peroxidase activity as well as thiol and
iscorhic aeld contends can be considered as important
metdbalic  markers  of  oxidative  stress - duning
development of somatic embryo (Morgaard, 1997).
When the peplides were tested for regeneration copacaty
and callopenesis in Cicer lssue, it was observed that
peroxidase sctivity inereased (Fig 2) considerably in the
callus ot the end of the culwre. But the highesi
peroxidase acrivity was determined in the embryogenic
line ot 6 days of culture in the pressmee of growth
regutotor BAF and peptides at a concentration of 100
pg { ml. The minimum peroxidase activity was
estimated in habituated tssue grew in presence of 2.4-0
and BAP and formed white swollen aggregates of
shoots and hypocotyls with strongly reduced potential
for somatic embryogenssis. An increase in peroxidase
activity was also recorded in those Masks, where bssue
became looser and after few doys embryoids were
noticed. After formation of globular 1o heart shaped
embryeids, peroxidase activily was dropped 3 1o 4
tmes, as compared with callus tissues from which they
originated, It was also detected thal peroxidase acirvily
was enhanced during multiple shooting formanons in
eytokinin peptide combined medium. When the tssuc
specific activily of peroxidose was studied. 1 wis
noticed that the peroxidasc activity was about three
times higher in bushy multiple shoets than thas of single
leaf or shoot. This is in agreement with Krsnik-Rasol
{1991 ) where they claimed that bushy transformants and
crown gall Lissue extracis were 6 to 7 imes higher level
of enzyme activity (than in normal leaves.

As a conclusion, these results shed light on the
bioactivity of peptides which play a sigmficant role
callogenesis and morphogenic alleration. These data
show that Peroxidase activity can also be assoniaed
with organogenesis under the influence of peptides of
altra low range. Further investigations wall be required
to establish the molecular mechamsms of regulation of
peptides controlling morphogenesis and cell division.
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