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ABSTRACT

A new latex protein named nivulian-I of plant origin hasbeenisolated and
purified from the latex of Euphorbia nivulia Buch.-Ham., a member of
Euphorbiaceae family; by using centrifugation, acetone precipitation and
ion exchange chromatography. This protein was characterized by sodium
dodecyl sulphate polyacrylamide gel electrophoresis and mass spectro-
scopic analysis. Molecular mass of nivulian-1 is 31486.985 Da. Peptide
mass fingerprint reveal ed that, it fairly matcheswith Tubulin alpha-1 chain
(TBAL1_ELEIN) of Eleusineindica (L.) Gaertn, amember of Poaceaefam-
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ily. This investigation infers that nivulian-I may be a novel protein of

plant origin. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Plant latex isthe milky juice, found inlong branching
tubesknown aslatex tubes, acharacteristic tissue of
laticiferousplants. Thisjuiceiswhite, yellow or pinkish
incolour. Itisaviscousfluid, colloida innatureand a
complex mixture of organic and inorganic compounds,
waxy materia sand hydrolytic enzymes. Among hydro-
Iytic enzymes, proteaseisthemajor fraction and plays
very important rolein plant physiology!™™. Knownin-
gredients of latex are proteins, alkaloids, tannins, ter-
penes, starch, sugars, oils, resins, gumsand hydrolytic
enzymes?. Plant latex isused intheAyurvedic system
of medicinefor bronchitis, rheumatism and many other
ailments. Euphorbia nivulia Buch.-Ham. amember
of Euphorbiaceaefamily, isoneof themaost important
latex bearing hedge plant foundin North Maharashtra

region of India, whichisethnomedicinaly reported for
skindisorders, wound hedling, ear disorders, retention
of urine, swelling, worminfection and asthmd®. Wound
hedling activity of E. nivulialatex isexperimentaly in-
vestigated in mice and showed significant activity™.
Severa phytoconstituents have been previously re-
ported fromthislatex bearing plant. Chemically latex
contains macrocyclic diterpenes, tetracyclic triterpene
andingol diterpenes®s7., Phytoproteinshave been ex-
tensively studied over the last few decades for their
economicimportance®. Recently, wereported the pro-
tein content of 21 |atex bearing plantsbe onging to seven
different laticiferousfamilies. E. nivuliaisrichinpro-
tein content as compared with other investigated mem-
bers of Euphorbiaceaefamily®¥. Inthisinvestigation,
wereport on purification, identification and character-
izationof 31-kDa, Tubulina-1 chain like proteini.e.
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nivulian| of E. nivulialatex.
MATERIALSAND METHODS

Chemicals

Trypsin, Acetonitrile, Trifluoroacetic acid (TFA),
Acetic acid, Sinapic acid, Bovine serum abumin,
(NH),HCO, were purchased from Sigma Chemicals
(St LouisMO, USA). DEAE Céllulose and Casein
(Hammarsten type) were purchased from SRL Chemi-
cas, Bangdore, India CoomasseBrilliant Blue R-250,
Proteinmolecular weight markerswere purchased from
Bangalore Genie, India. All other chemica swereob-
tained from commercia sourcesand wereof thehigh-
est purity available.

Plant material, collection of latex and crudepro-
tein preparation

Thecomprehensveinformetion about identification,
collection, preservation and preparation of crude ex-
tract of protein sample of Euphorbianivulialatex is
describedin our previous communication®.

Proteolytic activity

Proteolytic activity wasdetermined by the colori-
metric assay using 1% casein (Hammarstentype) asa
substratz!*9. The protease activity was expressed as
amount of enzymerequired to produce peptide equiva
lent to ug of tyrosine / min / mg protein at 37°C and
protein content was measured using Bovineserum al-
bumin asthe standard proteini*Y,

Purification of Nivulian |
Preiminary purification step

For theinitial isolation step, the crude latex was
precipitated withice chilled acetone (20-40 %) at 4°C.
Theresulting precipitate was separated by centrifuga-
tion, washed with acetoneand dissolvedin0.01 M ice

chilled phosphaebuffer (pH 6.0). Thispreparation, was
named “partially purified preparation” of protein.
Chromatographic procedures

Thepartidly purified preparation wasapplied (3ml)
ontoacolumn (1.8 x 30cm) of DEAE-Cellulose pre-
equilibrated with 0.01 M phosphate buffer at pH 6.0.
Elution of protein was carried out by batch wise addi-
tion of 40 ml portionsof increesngmolarities(0.0-0.5
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M) of NaCl in 0.01 M phosphate buffer (pH 6.0). Ef-
fluentswerecollectedin 5.0 ml fractionsat aflow rate
of 20 ml/h. The absorbance at 280 nm aswell asthe
proteolytic activity inal fractionswastested. Thefrac-
tionsshowing apesk activity were pooled and didyzed
using diaysistubing with acutoff of 12000-14000 Da
against three 2-L changesof 0.01M phosphate buffer
(pH 6.0) over 16 h. The dialysate was centrifuged at
10000 rpm for 20 min at 4°C to removeany insoluble
material and was immediately subjected to
rechromatography on DEA E cdllulose column of same
dimensionand finaly e uted witha0.2—-0.3 M NaCl
linear gradient inthe same buffer.

Characterization of Nivulian |
Electrophoresis(SDS-PAGE)

Chromatographically peak fraction of proteinwas
andyzed by sodium dodecyl sulphate- polyacrylamide
gd dectrophoress(SDS-PAGE) with Tris-glycinebuffer
(pH 8.2) in 12% polyacrylamide gel according to
Laemmli (1970)12. Detection was done by the
CoomassieBrilliant Blue R-250 staining method and
mol ecular weight wasestimated by comparing rd ative
mobility of marker proteins, namely Bovineserumal-
bumin (66 kDa), Ovalbumin (43 kDa), Carbonic an-
hydrase (29 kDa) and Lysozyme (14.3 kDa) (GeNd,
BangdoreGene, India).

M ass Spectrometry

Matrix-assisted laser desorptionionization/ time
of flight mass spectrometry (MALDI/ TOFMS) was
used for the determination of the molecular mass, as
well asthedegreeof purity of activeenzyme. MALDI
/ TOF mass spectra were acquired on a Bruker
Datoncs® model Ultraflex 1l Spectrometer, Germany
equipped with apulsed solid state nitrogen laser (337
nm), inlinear positive-ion mode, usinga19-kV accel-
eration voltage. Sampleswere prepared by mixing equa
volumesof asaturated solution of themétrix i.e. Sngpinic
acid [prepared in 0.1% TFA (ag.) and 50% acetoni-
trile(2:1)]. 2 ul matrix solutionsand 2 pl protein frac-
tion were spotted on the sampl e plate, mixed them and
allowed to evaporate to dryness. Proteins of known
mol ecul ar masseswere used as standardsfor calibra-
tion.

Peptideanalysis
e—,  BIOCHEMISTRY
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For peptide massfingerprinting, thetarget protein
band wasexcised from thege, destained and subjected
toin-gd trypsindigestion™, Sampleof trypsin digested
peptideswith a-cyano-4-hydroxycinnamic acid (ma-
trix) were spotted on the MALDI plate and analyzed
onaMALDI/TOF-TOF massspectrometer. The peak
list obtained was submitted to theMatrix Sciencespro-
gram for protein identification (http://
www.matrixscience.com). An additiona match of the
mascot peptide massfingerprint of the proteasewith
other existing protein sequences (http://
www.nchi.nim.nih.gov/) wasa so performed.

RESULTSAND DISCUSSION

Euphorbia nivulia Buch.-Ham. belongs to the
Euphorbiaceaefamily. Itsmembersare characterized
by secretory tissues (laticifers) which frequently include
proteolytic and milk clotting enzymes. Theyoung stem
latex of E. nivulia possesses proteolyticand milk clot-
ting enzymein larger quantity ascompared with other
investigated | aticiferous plants of Northern region of
Maharashtra, Indid®. Thecrudeenzymeof E. nivulia
had highest proteolytic activity (12.64 U/min) against
caseinwhereasthepartidly purified preparation retained
60.64% of itsinitial proteolytic activity and 46.8% of
the protein content.

The protein extracted with 20-40% acetone pre-
cipitation showed maximum activity and hencethisfrac-
tion of protein was subjected for chromatographi c sepa-
ration by DEAE cdllul ose column chromatography. The
unbound materialsto column aswell asbuffer wash of
the columnweredevoid of any enzyme activity. The
bound proteinswere el uted from the column with salt
gradient whilethe column e ution profileresolved into
three protein peaksasshownin Figure 1A. Fractions
of all the peakswere assayed for proteolytic activity.
Themagnitude of activity of thefractions (25-29) of
peak |1 was higher relativeto the pool ed fractions of
peak | and 11 (datanot shown). Thedidysate of pooled
fractionsof peak 11 was used for further purification
through rechromatography on DEAE-cd lulose column.

Thedution profileof rechromatographed column
(Figure 1B) congtitutesalarge peak followed by small
peek (fraction 31-36). Thefractionsof smal pesk were
pooled. SDS-PAGE electrophoresis of this pooled
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fraction showed single protein band anditsmolecular
massis31.27 kDa(Figure2) and eventualy matchwith
mass spectra anaysis, i.e. 31486.985 Da, (Figure 3).
Thesereaults, clearly demonstrate that pooled fractions
reveal ed single protein homogeneity to electrophore-
sis. Thepurified e ectrophorogram proteinisnamed as
nivulian| (31.27 kDa) according to nomenclature of
plant latex origin protein and previous suggestiong
15, Similar results have been reported in characteriza-
tion of cereal protein, 32 kDaof Aleurain of Hordeum
vulgare Linnl*® and latex protein, 30 kDaof Eumiliin
of Euphorbiamilii var. hislopii*”. Thissuggeststhat,
the biochemical characteristicsof nivulian-l arevery
closetotheseproteins.

Out of 89 trypsin digested peptide fragments of
nivulian | (Figure4), only five peptidesi.e. 17.10 %
sequence was hit in Swiss Port (protein sequencing
database) by M ascot peptidefingerprint search engine
with Tubulinapha-1chain (TBAL1 ELEIN) of Eleusne
indica with 70 score (p<0.05) (Figure 5). The mass
spectrum showed several protonated ions[M+H]* of
the peptidefragments. Aslisted in TABLE 1, theions
at 1132.631, 1396.829, 1473.901, 1872.078 and
2673.365 werethetrypsin digested five peptides cor-
responding to residues 113-121, 85-86, 230-243, 353-
370 and 281-304 and these are designated as T-1, T-
2, T-3, T-4and T-5 respectively. Asdepictedin TABLE
1, peptide mass profileswere obtained from the date-
base search that identified Tubulin a-1 chain of E. in-
dicafromdesired spot of protein of SDS-PAGE. The
TABLE 2 summarizesthe amino acid composition of
obtained peptidefragments(T-1to T-5) of Nivulian-I
by trypsin digestion. OH-group containingamino acid
I.e. threonine(T) wasonly found in T-3 peptide where
asaromaticamino acidi.e. tryptophan (W) was absent
in all sequenced peptides. Thisdatadeduced that the
nivulian | may beanovel euphorbain proteinasitis
characterizediscomparison with the protein of Euphor-
bialathyrisL. latex*8,

CONCLUSIONS

A new latex origin protein, named nivulian-1 (MW:
31.27 kDa) isreported from thelatex of E. nivulia, for
thefirst timeby smple purification procedures. Tryptic
digestion profileof nivulian-1, concludestheexclusive
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TABLE 1: Calculated and observed ionsof trypsin digestsof Nivulian-I

Amino acid sequence [M+H]*
Peak Number From TO  sequence Calculated Observed
m/z

25 113 121  EIVDLCLDR 1132.567 1132.631
36 85 96 QLFHPEQLISGK 1396.758 1396.829
46 230 243  LVSQVISSLTASLR 1473.864 1473.901
65 353 370  CGINYQPPSVVPGGDLAK 1871.932 1872.078
85 281 304 AYHEQLSVAEITNSAFEPSSMMAK 2673.217 2673.365

TABLEZ:Aminoacid cqmppsitiqn of peptidesobtained 1 | »

from Nivulian-I by trypsin digestion /i L:-

Aminoacid T-1 T-2 T-3 T-4 T-5

Gly (G) - 1 - 3 -

Ala(A) - - 1 1 4

Vd (V) 1 - 2 - 1

Leu (L) 2 2 3 3 1

le () 1 1 1 1 1

ﬁ(S) - 1 4 1 4 ﬁﬁ.ﬂﬂ.__

T Tt 43,00 e S
Cys(C) 1 - - 1 - 20 “ D' — NlTIl]lH_ll I
Met (M) - - - - 2 il
Asp (D) 2 - - 1 - 14.300. 4
Asn (N) - - - 1 1 -

Glu (E) 1 1 - - 3 Figure?2: Electrophoretic behaviour of Nivulian-1: Lane-1,
GIn (Q) _ 2 1 1 1 molecular weight markers; Lane-2, Nivulian-I
Phe (F) - 1 - - 1 &

Tyr (Y) _ _ _ 1 1 g ] 31486.985

Try (W) - - - - - g

Lys (K) -- 1 -- 1 1 100

Arg (R) 1 -- 1 -- 1

His (H) - 1 - - - 73

Pro (P) - 1 - 3 1

Total 09 12 14 18 24 =

Position 113-121 85-86 230-243 353-370 281-304

Peak No 25 36 46 65 85

natureof protein andit may beanove protein.
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precipitatefraction of protein on aDEAE-cdlulose column. (B) Rechromatography of dialyzed fraction of protein on DEAE-

cellulose column.
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Figure4: MALDI-TOF massspectrum of trypsin digested
peptidemap of nivulian-I
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MRECISIHIG QRGIQVGHNAC WELYCLEHGI QADGCMPGDK TIGGGDDAFN TFFSETGAGK 60
HVERAVEVIL EPTVIDEVRT GTYRQLFHPE QLISGKEDAZ HNFZRGHYTI GKEIVDLCLD 120
RIRKLADNCT GLQGFLVFNA VGGGTGSGLG SLLLERLSVD YGRESKLGET VYPSPQVATS 180
VVEPYNSVLS TH3LLEHTDYV AVLLDNERIY DICRR3ILDIE RETYTNLNRL VSQVISSLTA 240
SLRFDGALNYV DVNEFQTNLV PYPRIHFMLS SYAPVISAEK AYHEQLSVAE ITNSRFERSS 300
WMAKCDEPRHG KYMACCLNYR GDVVEKDVNA AVATIKTKRT IQFVDWCETG FKCGINYQEP 360
SVVPGGDLRK VORAVCMISN ATAVVEVESR IDHKFDLMYR ERAFVHWYVG EGMEEGEEFSE 420
EREDLARLEK DYEEVGAEFD EGEEGDEGDE Y 451

Figure 5 : Peptides matched with Tubulin a-1 chain
(TBAL1_ELEIN) of Eleusineindica.
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