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The Neoarchaean era is characterized by rapid crustal growth coresponding to some
thundamental global changes in geodynarnic processes. However, the nature af crustal
growth including the mechanism and tectonic setting of the Menarchaean are contro-
versial issues. The eastern Dharwar Craton (EDC) exposes widespread Neocarchaean
granite-greenstone belts, which provide an opportunity to evaluate the varicus
madels proposed for Meoarchasean crustal groweh. In this study, we present field. pet-
rographic, and geochemical data and discuss the petrogenests and significance for
erustal ewolution fer a suite of previoudy undescribed banded greisses, TTG
(tonalite=trandhjemite- grancdEarite], biotite granites, alkali feldspar granite and gab-
bro. These rocks are associated with Messrchaean metavolcanic and metapelites
rocks of the Tsundupalle greenstone belt, in the eastern fringe of the EDC. Whole-
rock major and trace element geochemical data are condistent with diverse sources,
including both crust and enriched manthe in an evobdng subduction zone. A oonver-
pent arogenic setting i propesed for interpreting the association of various granitoids
im the Tsundupalle area, Finally, intrusion of crustaly desived, highly silicic, alkali-rich
granite, ard mantle-derived gabbro emplaced in 2 post-subduction regime s pho-
pased, Lithospheric delamination and attendant manthe melting are suggested as pos-
sile mechanisms for peneration of these rocks. The understanding of generation af
the different granitald types along with gabbro provides significant insights into the
mechanism of Meoarchasan crustal prowth.
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1 | INTRODUCTION

& bege propertion of Earth's continentsl cruat wad famed at the end
of the Aychaean Lon ca. 2.7-2.5 Ga ago (Reymer & Schubert, 1984;
Tavlr & Molewan. 19851 The rate of crustal growth appsars bo have
cufbmingterd w17 Ga through 3 combination of venlcal and laberal
EofEUen processsy, plure-ang inberaclion. snd  subduction-driven
martarin The pebod 3 47 4 Ga marked the stabilization of smost
ol Arhaewn cratorn with iedrusion of dverse praciicid pluions
Crustsl growt i the saviern Dbarwe craion ([0C) occurred From
27-2% Ga arad diffevert sttuwy have propined dilerent Beclonk

scenaria on the EDC (Chadwick ot al, 2001; Dey, 2003, Jayanaeds

el al. N3 30M8: Mandamba & Kerich, 2012, Manikovamia

Ganguly. Sankosh. & Subramanyam, 204 7). Many changes have been

documenied across the Archaean-Proferozok boundary, incheding
mantle-derhved siprafures. although these are ofen phsguned due fo
major  cnastdl mining  (Lnananda,  Moven, Peucal, sty &
Mahabakeswr, J0000 Cnstal recks change geochermical character
Eroem Ma-rich o meve cak-akaline and E-rich. These (hanges Paghiigha
fhe importance of the Meoarchaean period which preserves svidence
al bath hvenile and reseprbed crunl (Delowsona et al, 20100 Condie
E Asper, 20000 Dbsibme, Hrshesworth, Cowooxd & Storey, 2010
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An overview of apatite ore mineralization associated with
alkalic-carbonatitic magmatism in Purulia district, West

Bengal and their bearing on Nb-Ta mineralization.
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Iharrrer— [Eelidll simoted Im Soaih Parulia Shear Fone
(SIS ferms a0 prembnest  losdmark  for alkolle-
carbaiatitic mngiiatisin associated witl apatble maguclite
ares, The sheor zone s charneterisel by prominent effeet of
ehloritisatinn, weybonitisotton mml breceiotiom of all these
pocks, Alkaline rocks sepresentod by nlkali pyrosenite
pecwr I clese nssodintimn with apatite nrapnetile rock and
exhildt  intrusive  reloffonship.  Carbomatiles  ogear  us
Indrusives williin alkali pyrosenites uned apatite magnclite
rack. Ficld fegetlier with mlevoscaple aliscrvatinng sipoify o
hydrihiermn] vrigin foe apatite ores. Apatite aFes oomtain
|.||1|||ﬂi;|h||.' geannd il Nbosal To ond proadoally prode fnin
curbicnate recks o depth allesling a genilic Eik betnen
P Tl stages of furmation of aputite ares is sugpested s
sudic  metnsomatisie wl the host rock  follewed by
carbusnisation resulting in the Tormwlicn ol colcite, dalamile
s apatite. Progressive varbopatian ganses enrichent in
-.;||;||:I||' viendent which wre lncited in the centrnl port of the
hyalrothermal  lbow.  Nbo eorkchment  Is sugpestive of
peralkaline intrwsive body ar dopth, Shear done serves as o
eligiipelaay for BREE sl spatite magnelite rich Mai<d flaa
generalboal in e mintdeite deep posteld nlich s dure
|:||'|.-|:J|:|Iluh.= REE, Ce, I Fe nith decreosing 'l'-u,-||:|a|.-|'|:|lun.'
and 1'ressure.

Nepwondr==Apatite mapnetite,  Beldih,  Carbonatie,

Sylvidiing, Soulh Murelin Shear Foane,

1 INTIROCLCTIC M

Mohiem amd tanealiom hove sionlor wonie radin ol
weenr meistly in the quinguevalent state. Niobium is most
abundant in alkalic rocks such as alkali uliramalic rocks.
Tastalum  generully wcconypanics  mobium  with  un
abundunce of one-tenth to oie-NNeemb that of niokium,
o the sty area UDeldih (Latinade 23°03725° N;
Longitude BO* 1768 ) alkalic-carhonutitic miganalism
represeiled by alkali  pyroxenite and  earbanatine

przociuled witl apetite magnetile ores contain significant
amounts of Mb and Ta,

In the present paper the authors have dealt with the
petrogruphy  ond  trace  element chemistry of  these
significant rock types wiz. apatite  mapgneetite, alkali
pyroxenite and carbeatatite, An areenipt has been made 10
thraw light on the sigmificance ol Mh-Ta eccurring in
these rocks amd their implication on penesis of these
racks.

1 GEOLOGICAL SETLP

The Sowuth Purulia Shear Zone (3P3E), o prominent
tegtgnie feature in Eastern Indion Shield, is a rouglily 100
kim long ENE-WEW o EW oo CSESWNW frending
curvillinear lineoment thar extends Trom Tamas, Bancio
dizract of Jharkhund in the west o Porapahar, Bankwra
district of West Bengal m the east (Mazumdar”, [988;
Achanyym b al™, 20006, Gasa, 1993), The main rock
Ivpes cxposed n the Soutl Puruliaz Shear Zone include
gncissie rocks of Chotanagpur Granite Gneiss Complex
(CGGC), graniivids within Singhbhum group, felsic
vileanics. mafic-ulicama e suite, metasedimentary suile,
towrmalinie, alkaline sune including alkali feldspar
granite and syenite, earbonatite and silicified rocks such
a5 quarlz breceia and mylonites represemted mainly by
quartzie mylonite {Achanoea et al,™, 2006),

The dillerent lithounits in and around Beldil is
representcd by metsslimmafic rocks {represented by
chlorite-sericite schists), chlosiic-mica sehists. quanzies,
alkali  granites,  olkali  pyroxenites.  wmphibolites,
carbanatites and  Chotanagpur  geanite  pneisses  of
Precambrian age (Acharyya et al'™, 2006; Vapnik et al,
2007). The Geological map of the study area is BIVET N
Figure- 11 Bhattacharya and Dasgupra ™, 1992),

Inteprated anulysis of leld structures along this shear
conwe reveals two phiases ol defomion (Ghosh, 5. ond
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Occurrence of Phlogopite in Carbonatite and Associated Alkaline
Rocks at Beldih, Purulia District, West Bengal, India.
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Wi Mgo From 04342038 Wk Ko Frow & 36-00 04 10%, Naao Froeoe 0004020 1172 Cag Fram 0.02-
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I Introduction

The Sudy Area Beldih (Latitude 23703723 M; Langitude 86°17'68" E) Formis A Part OF The South
Purulia Shear Zone (SPSZ) Which Trends EME-WSW To EW To ESE =WHW  And Extends From Tamar,
Ranchi District OF Jharkhand [n The West To Porapohar . Bankura District OF West Bengal [n The East, The
Shear Zone Rouvghly Marks The Contact Berween Two Distinet And Geologically Different Domains- The
Chhotanagpar Granite Gneissic Complex (CGGCY In The North And - The Menh Sisghblium Proterozoic
Mabile (NSMB)In The South. Alkaline Rocks Exposed In The Study Area Are Represemed By Alkali
Pyroxenite Which Are Associasted With Carbonatites And Exhibit Intrusive Relationship With The Phyllites
And Schists OF The Proterozoic Singhbhum Group OF Rocks, Within The Alkali Pyraxenite And The
Carbonatites Of The Area Typical Occurrence OF Phlogopite And Tetra-Ferriphlogopite {Complex Hydrayed
Silicates OF K, Mg And Al) Have Been Recorded, The Compagition Of These Minerals 15 Sensitive To Changes
In Temperature, Pressure And Chemistey OF Their Crystallization Environment Which In Addition To Their
Long Crystallization Span In Many Rock Types {Including Kimberlites And Carbonatites), Makes Them An
Important Petrogenetic Indicator {Bagdasarov Bt A" 1985; Tischendorf Et AL, 2001110 The Present Paper
The Authors Have Dwealt With The Pewrography And Chemistry OF These Significant Mineral Al An Allzmpt
Has Been Made To Sugpest Iis Implication On The Genesis OF These Rocks.

I, Geological Setup

In The Regional Sectup The Main Bock Types Exposed Along The Shear Zome (SPSE) Include
Granitaids Within The Singhbhum Group, Felsic Volcanics, Mafic-Lillramalie Suite, Metasedinientary Suite,
Tourmalinite, Alkaline Suite Including Alkali Feldspar Granite And Svenite And Coarhonatite And Silicified
Rocks Such As Quartz Breccia And Mylonites Represented Mailly By Quartzise Mylonite { Acharyyn B Al
2006).The Mowre OF The Shear Zone Has Been Described As Ductile To Brinle-Ductile (Pynd!, 1002
Bhatiacharya!™, 1989), Quartz-Apatite Rocks, Carbanatite And Syenites Are Significant Rocks Reported Fram
Beldih Regions Along SPSZ (Baidya™, 1092 Basu'™, 1993; Ghosh Roy And Senguptal™, 1993; Vapaik Er
-"t'_-"L 2007). The Study Area Comprises OF Ultramafie, Corbonatite, hetobasics, Tuffaceaus Phy lites, Chlorite
Mica Schist, Quartzite, Alkali Granite Amd Quarte-hlagietite-Aputite Rocks {Baset™, 1993; Gupta And Basa™™,
2000; Acharyya, B ALl 2006; Vapaik , Er ALY, 2007 Fig. 1 1.7 e Stratigraphic Sequence OF The Beldil Area
1.5 HF'I:“"-'“""CIL By Precambrian Rochs Which Arne Wlastly Uhramalie, Chlarite=Sericite Schists, Chilorite-Aica
schists, Quarzites, Alkali Granites, Amphibolites, And Chotanagpur Granite Gueisses (Acharyya Et AL™,
24 Vapnik Er ALY 2007y,

WAL S LY & | Mg
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Geochemical Signatures of Platinum Group Elements in Ultramafic Rocks of
Chotanagpur Gneissic Terrain, Eastern India and Their Genetic Control

Jugnu Mrasad and Decpak Kumar Bhattacharya
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Ulirzsrali ks noowr 2 irnisives in ihe form of lensoid Bodics e the nombeecsiemn pan of Chotanagpor Gncissic Terain and gonsisl mainly sl
oliving, ety rusene and clinopyronoes aml arg deveid of plagics lse. Tased on disting gooshowi:al charsceristics, the recks have Been ldennilied as
komatiiies. The mock = are goos hemacslly analogeus fo A lamdopdeied Moo pe AL Trhs 178534 9 5pwiibdmwtingily biph S pi 26 235 62 wita), Mi
(A1 T ppwert ] | 20, 32- 3320 ppun) cyntemts. Thass rowcks amcharacteried by lon Col ALD (Y B (L a"Y b imwith posative Zr 00 Ti asmavalies
sgpestirg high degeee parmial meling of mantlc under sy dnous condeses ot shallos deph wok gaenet moneesadoal phase on ihe manile restise. These
kagh MpDolcanic recky benving elevated congemrdion o [ aedd Craee pdenticn| hosts loe Matinum Group Clemois (PO Epeming by their piavative manlle
oeigin and cruption al high temperaiures. These recls have low TPGE 137% 5903 ppb) conient with 1o [0 12 8pphi and B 11025 Tappbi among Iridsem
group PGE [IPGE) and Pa (30418 T2pphh. Pl 5 1R Opphl, h (0322008 4ppb) seen g PLtinum geoup PGE (PPOEL The PGE abundances in komasiiles
were controlled by clivine lractioration. The Major, irace, REE and MG compasition of the rock suggea meling under anliyvdious condilon o shallivw
depihuabeng the pam siabkiny fehl under 5-underuratad condtion. Ashydnous moiing axmsciatal with nomtle plume activily g riseso (e ook which

subszquenily contaminaicd by kew o orusial meierials during magea aacen) o owplacoram.

Kevwents: Chotanappor Gaeissic Terrain, Komatine, Malinum Greup Ekinontza, Sulphur Dedesatuntion, Plusie:
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IFiainum Giroup Elenwis (PGE: Pr, ML R, I Os, Ru) show
sirang chalcophile and sidenophile alTenity ond iradionally they nre
sabdivided inpa paw groups- (ke compatible IPCGES (05, e, Bujand
the sncompatible FPGES (b PALM; Feorentine or wf, B The
[Pl s albvin Bave a refractory characters znd are mainly assoacialcl
will spingl where o5 PPGEs band 10 concenirale i Base imatal
51l||:H'I-||1n. MFE compositions in rantie-derived almmafic-mafic
magmas are condidered a5 senmsnlinge indecadars lo usdierstand their
pelrogenciic evoletion and sulphske sfuraliun hislors. The
behavier of MGEs and iheir obundanes 5 contmalled by sevenal
factors like mamile betorogencity, enrichment-depletion. processes
al the mantle, parial manle melting, mel pereolation, sulphide
segregalson amd crysial fractionatson [Moncdal, 3011 snil relenenees
thereimp. . Higher concenirtion of PGE in wlmmafic rocks in
comnpanism b ather mock Iypes mat ofly supgzest their cocomomic
stgnaficance bul their lower congentration are also useful as
poxchensical inols v evalunie ehemeca | evalution ol mantle through
fime ard thear rabe in ciist fomuing precsses (U ondic nid K e,
.'I_""I 11 The: appearance of Matinam Ciroup of Mincrals { GRS s
mre phomiimens sl usunily dewebaps doe 1o high abundamce of

ﬂ.‘,‘"" U8 pwad P22 | Wevi e B oovpiead W qgumsbg s 2000

hitps o ong 10 S 13 TR T

PLGE concenimtion and favorabde sullar fugacity cosdiion in the
magma [Mass, 2005) The POM: wsi@lly occur as disseminmeil
grains i ulimmafics aml are moinly associnnad with cither
stlphicies of Wi or Cuarin imgrpranalar spaces between olivine and
pyresems.  PGE abundances in manile derived rocks especially
Eamwmatinies have b documented by voro s wodkers, These rocks
reflect dogroe of partial meling of hot and dey peridotie, sulphur
sturstion story, ke of sscemt, depree of differentiation o
eontamination prior o cruption wiich in twm segges) their abilitg
o exiract compatible elemsents and sthereby provide informatson an
PGE abundances of mantle (Fiomemting e of, 2000; Said e o,
2000, Zhow er al, 2004:  Balarmm ef af., 2003 Tushepokla 2nd
Jmymnancda, 2013; Manikyamba and Sake, 7014; Saka eral, 2005
L gareal 20 Dhorgy oo 20003

Warluwidke socumenoes ol PGLE are very linvited amd confinad
Wopletonic of hypabyssal magmatic ininswon of Archaean
Falopmteresaic age. In ndia three b cratonic Blocks 1
Dharwar in southern Imlss, Sisghbhum in Eastern Indis ansd
Bueslelk hand im ceniral lenles are the Arghean Rerrin wbsere plukonic
to hypabveal ulbamafe imsswons of Archacan as well g5 early
Mraleresic age ase present, There are three el |_1-|.||_'L|.|1||.'rl|.;-|]
whrvempie beanng POE pospocts are nepestad in assaciation with
ulirainalbe vosiples ab (o] Laaila Maasabi im i 1B} SiEimpends
anarthasite conples in Tamil Nodu and o) Channagire and
Hanumalapura in ksmaika Receni sghivs show that there is
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Geotourism and its potential in Jharkhand

Dr, Blnlta Kumarl
Assistant Professer, Geolagy, P, P. K. College Bundu under Ranchi U

Abstract = Geotourlsm B a form al natural area
tourizm that speclally focutes on peology and
rll'ld!'E-IP'E. which [z not as dgm‘lﬂp‘:d as any other
ferm of toursm and ks mostly unbnown In our
country, We have tried to define this new lorm of
tourism, which has not been promoted the way
conventional form of towrlsm has been promated,
The basis of this form of tourism Is identifying
Geosites.

Geosites  Include areas llke caves,
springs, waterfalls, mountalns & viewscapes,
mining and mineral sites, rock Torms etc. T one
locks at other countries, which have invested In
peotourism, following names immediately come
ta gur mind, Grand Canyon- U.5.A, West Coast
Fousll Park- South Africa, Undara Geolour-
Australia, UNESCO Global Geopark-United
Kingdom, Luray Cavern- Virginia, U.S.A

The above referred countries have
developed those sites and have also developed
other related Infrastructure to make them
sttractive amd suitainable. Jharkhand being a
mineral rich state, with abundance of forest,
water falls, mines Is an ideally sulted state where
Geotourism can easlly be introduced, which will
be economically viable, will preserve local culture
and environment, This will ala add to the
revenue of the state as well as Income of the local
population

This paper covers areas which can be
developed as geotourism shtes, within the state of
Jharkhand and alse mentlans the infrastructure
required and change In palicies.

Introductlon = The Mational Geographle Saclety
defines Geotourism as “tourlsm that sustalns or
enhances 1he gecgraphical character of a place,
Hi environment, culture, aestheties, heritage, and
the well-belng of Rs resldents. A common man
visuslises tourkim spot 25 3 place, which has
beautiful fiora and fauna (ratural or manmade),
has history, has beaches, easlly accessible, has
goeod  hotels/restaurants, recreatlonal facililes

niversity, Ranchi

ete. Dubal [s a case I Fn'ﬂh which is an im“ﬂ“
tourlst destimation for Indians, because of its
shopping  attractions, hotel, sky SOrApers
recreational facllity and is 100% man made. This
s o traditional form of tourlsm, whereas,
Geotourlsm |5 vigit to landscapes with high
gealogical and gecgraphical value.

UNESCO has added Geoparks as 2
vehizle for development of Geotourlsm, Geoparks
are geographic areas which foster sustainable
grass roots economic development. They are
based on an area’s geology (hence the ‘gec’
companent of geoparks). Therelore, they must
contaln landscapes, landforms or gealogical sites
of significance. These then form the basis of a
geopark which Is a vehicle to foster reglonal
sustalmable economic development. Geotouwrism
facuses on the preservation and Interpretation of
garthly features, These geosites have immense
potentlal in educating the masses about earth,
past climatic changes, how It progressed,
catastrophic events, evolution of life and role al
paleo vegetation In making our planet liveable.
These sites are like an open record of geclogical
phenomena that helps In understanding the
evolution of earth and Its history of 4600 milion
years.

Indla has a lot of patential to showease
Its geologlcal and geomorphological features.
However, these sites are poorly documented,
there [5 no lw to preserve them and hence are
suffering continuous damage. One major aspect
far the success af any Geotourism is involvement
of lacal population, without affecting their culture
and other economic activities. It Is also essentlal
1o pay attention to the geology of the area and
generate Interest n sclentists and tourlsts
thraugh media campaigns.

In certain pockets local administration
does try 1o protect these sites, with help from the
laeal papulation, but, s a country we need to do
more. We must provide a legal framework

_—
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L_nguﬂge as A Strong Medium of Social
a

communication: A Perspective
g ' Abstroct -Gl . 0

This aficle aims o undnrsiand the funrlicen ﬂ'hfnff”fii:
solound medum of axpression inherent in all huaman .|'|,:-m“w.I .ﬂ;
pm prpiess (homsehes inoa@ pariiculaf aneso-crlhiral pam:u b
irlurds Tm wilal far sending and receiving messages ﬂf"_'"-'r":r'n' T;g:f B"I'ﬂ
necessany 1o express thn_ nTulmr::ﬂg l;str;:r?;:;:r ;:gﬁn ngm; h:1 o
anly the verbal communicalon AT 1 i
non-verbal mode of communication 15 equUATY shlg e o
message lo the larger audience This arlicle I;:m Thz.- koo deniiche
role of language in he acadernic sphera w Er&w i T
aliributes and aspects of language fo become A g0 il
paper also emphasizes the importance of language an gt
skills for grooming 3 persanality and the effact it creales wpan i i
: uape, a social phenomenon helps the spea

| ?ﬂrmg:aﬁy :ﬁm of their parlicipation I_n. the system of :udlf'u:-::
! values. These valuas are learned by an individual in the Process ::

ﬁ | language learning. I:::I'I‘lmunitlti!:ﬂ and language are complmentary
b | pach elher where 1he primary aims to connect and express efectely

! latier orovides all necessary tools for the same. An effectwe

\ : mrl:;ﬁ?atimpﬁ e backbone of 2l civilized sociely. | l'!a:‘._als:n kBean

¥ | *,‘h" | highlighted in the aricle that the relalionship between indivaduals in

| i.- 4 society is 1he dimension of communicalion which furiher eslablishes the

P | link between language and thought in the individual's linguistic act which
sérves a5 the dmension of exprassion.

Sumant Kumar Jha Koywords: Language Dynamics, Effective Communication, Mon-Verbal
Fiusiant Probessor exprassion, Soclal iluencs,

Teatt o English, Inireduction

FEF Colege, Language s important o human's daily-life since they hawve o
Eurdu Fanch communicale with olhars, Wilh globalizing economic emdronment,
nda language is wial for any business or professional success. Some may

anphyre the nolion of national ideniity thmowgh i, bub i & somehow
mistakenty overlooking the usage of language, which is closely linked with
communicalion. The medum for people lo communicate 1§, whather
writien or spoken, languages. The primary function of languages is
undaubledly to fackiale Inleraction among people who may or may not
come from different cultwal background,

The basic stuclee of Language alows the concepts to expand its
honzon It provides us tho power fo Bunk and utdize It in our day 1o day
comes. Sarce o man is dumb wilhoul B language hence language enhances
s acdens mrad houghils o such anoestanl thal o is not paasible ta prachce
oy vl of alfair in our lves In B nommal lansachion of
LA b resisd nodl relisne aor o
ul langiage
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woids wo are
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ek Al BpORCH Mocassas, which makes language vse pethaps

el e of social peychological phenoms* Tha ides tahes the
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Qtigy,
¢ Literature: El_'npowe_ring
n, Transforming India

AR ~Ihe present paper atlempls to undersiand the socig.a,e
sigture of women in India with special rE"_Hr'EMﬂ 10 tominig |'iflr|,*|.-:
Lilaralung is mod marely a I.::Dllﬂﬂlll:lﬂ' :1-1' Faneciful fales, ranm"g BMsien
of myrlad shades but il mirrors @ hofistic view of the sacial sene,,
venl, and educalional evelution of (he society. Litarature i p,..
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A conserved guided entry of tail-anchored
pathway is involved in the trafficking of a
subset of membrane proteins in Plasmodium
falciparum
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Abstract

Tailanchored (TA) protains are defined by the absence ol N-terminus signal saquence and
the presence of a sirgle fransmembrane domain (TMD) proximal o their C4erminus, They
play fundamental roles in cellular processes including vesicular trafficking, protein transloce
tian and quality eontial. Some of the TA proteins are post-iranslationally irfegrated by the
Guided Entry of TA (GET) pathway to the cellular membranas; with thelr N-lemminus ori-
eried towsunds T cylosal and C-terminus facng the ceganeliar luman, Tha TA reparboing
and the GET machinary have been extanshvaly charactarized in the yeast and mammalian
systems, howewer, they remain elusive in tha human malaria parasiie Plasmodiumn fakcips-
rurm. In this study, we bioinformatically pradicied a tolal of 63 TA peotaing in the P, falcipany
profeomie and reveieled the assoeciation of a subset with the P. falziparum homaolog of Gaet3d
(PIGa ), In aadition, our proeximity [abeliing studes either definitively antified or shortlista:
tha oiher alighle GET constiuents, and our in vilro associafion shudies validated associa-
lions betwzen PIGe13 and the cormasponding homalogs of Geld and Gaet2 in P, falzipansm
Collectively, this study reveals 1he presence of prateing with hallmark TA signalures and thi
imvodvement of evplutionary conserved GET Iratficking patiway fof their largeted dilivary
within the parasile,

Author summary

Tail-anchored (TA) membrane proteins are known to play essential cellular fanctions in
the enkaryoles. These probeins are irafficked 1o their respective deslinations by post-Lrans-
Intional translecation pathways that are evolutionarily conserved from yeast to human.
However, they remain unidentified in the malaria parasite Plasmodium falciparum. We
have wsed bivinformatic prediction algarithms in conjunction with functional validation
studies 1o identify the candidate TA repertoire and some of the homologs of the trafficking
machinery in P, falcipenam, [nitially, we predicted the presence of 63 putative TA proteins
localized to distinct comparimenits within this parasite, including a few confirmed TA
homologs in other eukarpotic systems. Wee then kdentificd and characterized PiGetd as 2
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TA proteins and GET walficking in P, fakipara
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central companent in the Guided-Entry of TA (GET) translocatian machinery, and aur
bacterial co-expression and pulldown assays with two selected recombinant TA proteins,
PIBOS1 and PIUSEL, showed co-association with PIGetd, We alss identified PiGet2 and
PiGetd as the other two components of the GET machinery in P, faiciparumm using prox-
imity biotinylation followed by mass spectrometry. Interestingly, we also found six TA
proteins in the parasite enriched in this fraction. We further validated the direct interac-
tions Between a few TA candidates, PfGetd and PiGet2 with PiGet3 using recombinant-
based pulldown studies. In conclusion, this study classified a subset of membrane proteins
with the TA nomenclature and implicated a previously unidentified GET pathway for
their translocation in this aplcomplexan parasite

Introduction

Integral membrane proteins constitute ~20-30% of the total eukaryatic proteame where they
serve essential cellular functions including vesicular sorting, solute transpart, protein homeo-
stasis and organelle biosynthesis. Thus, precise targeting of membrane proteins 1o their respes
tive subcellular destinations is often dictated by the evolutionary conserved and sophisticated
trafficking mechanisms. Most membrane proteins are inserted through the chaperone-assiste:
and co-translational pathway, which invalves recognition of ribossme-associated nascent
chains (RNC) by the signal recognition particle (SRF), targeting to the SRP-receptor at the ER
membrane, and their release to the Sec6] translocon [1-4). The Sec1 complex subsequently
facilitates TMD integration into the lipid bilayer as they emerge oat from the ribosomes [5-8]
The major advantage for the co-translational tareting is a tightly coordinated relay of events
between the protein synthesis, targeting and membrane insertion to ensure efficient shielding
of the hydrophobic TMDs from the bulk hydrophilic eytasolic milicu. However, not all mem-
brane proteins recruit the SRP/Sec6] route fior insertion. Tall-anchored (TA) protelns are one
such unique class of integral membrane proteins characterized by the absence of any N-termi-
nus signal sequence (55) and the presence of a single helical transmembrane domain (TMD) 5
ar near their C-terminus (CT5) [9]. This close proximity of the TMDs in TA proteins places it
within the ribosomal tunnel, thus precleding SRP/Secs1-mediated co-translational insertion;
and consequently. TA proteins must target in a strictly post-translational manner [10-12).
Metable examples include proteins of the vesicular trafficking pathway (the SMAREs, Solable
NSF Attachment protein REceptors), ER and mitochondrial subunit translocation machinery
mitochondrial electron carrier (cytochrome bS/Ch5) and outer mitochondrial membrane pro
teins that regulate apoptosis (Bel family) or mitochondrial dynamics (eg., Fission 1/FISI)
{reviewed in [13]). TA proteins have been identified across evolutionary diverse organisms,
including Saccharomyces cerevisiae, bacteria, Homo sapiens, Arabidopsis thaliana, and more
recently, in the apicomplexan parasite Toxoplasma gondii [14-18). The TA biogenesis is well-
characterized for proteins localized specifically to the ER and then transported from their ER-
integrated state to the other cellular compartments (such as plasma membrane, nuclear enve-
lope, Golgi complex, endosomes, lysasomes, and peroxisomes) via the network of secretory
vesicles (reviewed in [19, 20]). Multiple pathways are implicated in the targeting of TA pro-
teins destined for the ER, including a promiscuous *moonlighting function’ by the SRP/Sect |
translocon (alse invelved in the co-translation translocation) |21, 22|, insertion mediated by
the SRP-independent targeting (SND) components [23], non-assisted delivery and insertion ¢
TA proteins regulated by the cytosalic factors [24] and the components of the ER membrane
complex (EMC) [25, 26]. The TA proteins with mare hydrophobic TMDs {compared to the
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based spiro and fused small molecules kills
artemisinin-resistant Plasmodium falciparum
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Abstract

Background: Despite numerous effarts to eradicate the disease, malsia continuss 1o remain one of the mast

dangerous infectious diseases plaguing the world, In the absence of any effective vaccines and with emernging drug

resntance Inthe parasite againdt the majonty of anti-malarial dregs, the search for new drugs &5 ungenily needed for
effective malana treatment.

Methods: The goal of the present study was 1o examine the compound ibvary, based on indales generated thiough
diversity-odiemed synthess belonging to four different architecture, Le., 1-aryetrahydraddibydro-f-caralines and
piperidire/pyrrolidine-fused indale detivatives, for their In vitro anti-plasmadial activity. Trifluorcacetic ackd catalyzed
trarsformation imeclvng tryptamine ard various aldebygesnketanes peovided the library,

Results: Armong all the compounds screened, 1-aryltetrahydro-f-caroolines 2 and 3 displayed significant anti-plas-
riodial acthity againat bath the antemilinir-seniitive and aremisinire-resistant strain of Plasmodivm fGicpenm. i was
observed that these compounds inhibited the overall parasite growth in intra-grythrecytic developmental cycle {IDC)

via reactive cxygen species-mediated pafasiic death and thus could e potestial ssti-malarial compownds

Condlusion: Owersli the compaunds 7 and 3 identified in this study shows promising anti-plasmodial activiny that
can kill bath amemisinin-sensiie and amemisinin-esistant sraing af 2 ixicipanum,

Keywords: Alasmadivm, Artemisinin, dfemisinin-resistance. BO5, indale

Background

Sinoe primitive times, malaria, a2 mesquito-borne infec-
tiows disease, has remained the l=ding cause of mactality
from any parasitic disease around the world. [t has been
estimated that Plasmodium spp, the causative agent
of malaria, infected 128 million people, accounting for
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about half a million deaths in 2019, mostly affecting poor
people living in tropical and sub-tropical regions of the
watld [1]. Unlike other Plommeadinm species, Plamodicim
Jalciparum causes the severe form of malaria and poses
higher risk of death due to associated neurclogical, renal
or cardlalogical cemplications |2). To reduce the rwm-
ber of malaria-related cases and mactality, most of the
malaria control programmes besides using other contrel
measures, rely beavily on killing the malarial parasite by
anti-malarial chemotherapy [3]. Quinine, a plant derived
chiemical extracted from the bark of the Cinchona tree,
wias used 1o treat malaria from as earky as thi 1600 3 and
is still used as second-line therapy for the management
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of uncomplicated malarla In Afeica when the firsi-line
drug either fails or ks not avallable [4-7). With the FafpE
of adverse side effects experienced by the use of quinine,
the search for a safe ond most effective anti-malarial
medicine led 1o the discovery of chlaroguing, followed
by many symthetic anti-malarials, eg. sulfadogine-
pyrimethamine, amodiaquine and mefloquine [5, &, 8, 9],
Despite their early success in therapeutic management
ol malaria, their overuse contribated to the development
and spread of resistance against these drugs by the malac-
ial parasite. Undoubtedly, the unregulated use of these
drugs as monotherapy further accelerated their failing
therapeutic efficacy [6, 9-11].

AL present, the most potent and successful drag avail-
able for the treatment of both severe and uncompli-
cated mabaria is artemisinin, which was derived From the
Qinghao plant (Artemisia arma) in the 1970s [5]. Arte-
misinin is frequently used in combination with a part-
fier anti-malarial dreg to overcome its pharmacokinetic
limisations (sach as poor bioavailability, low solubility in
water and 3 relatively shorter half<life in wive (<35 B
and 1o protect its efficacy against parasite resistance for

i longer period of time [5]. Prescntly, five recommended
artemisinin-hassd combinations include combinations
of artemisinin derivates. such as artemisinin, dihydroar-
temisining artemether, artesunate, with lamefantrine,
melloguine, amodiagquine, sulfzdoxine/pyrimethamine,
plperaquine, and chlorproguanilidapsane [8].  Arte-
misining are particularly active against the ring and
mature trophozaite form of asexual life-cycle stage of
parasites persisting within infected red blood cells. How-
ewief, 8 sub-population of ring form of the parasite may
tolerate arternisinin by becoming temposarily dorenant or
sequestered to return after a fow days or weeks, evennu-
ally causing the faillure of treatment |&, 12]. It s for this
reagan that artemisinin monotherapy is not preferred
and is recommended to be used only with longer-acting
partner antl-malarial drag that woald ki the surviving
darmant form of the parasite [11, 13], Although arte-
misinin:based combination therapy (ACT) had a marked
eflect on malaria cases globally, the appearance aof arte-
miginin-registant cages in Southeast Asia, especially in
the easiern Greater Mekong Sub-region, is cause for con-
cern [14-17]. By relying so heawily upon the use of ACT,
eveniually this valeable anti-malarial dreg will become
ineffective, glven the history of resistance development
in the plr;:ltr by minst amti-malazials, H-.ringin{: sabr and
niew anti-malarial ﬁrug; candidates with diverse chemical
structuwres and mechanism of a2ction into dinical trials is
crithcal to combat emerging anti-malarial drug resistance
im Lhee parasice.

Cwer thme, now concepls @n ocganmic synthesis and
molecular design, such as fragment-based drug discovery

-'T.allrl.- -q'.'l...'lr'
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(FREDDY, ligand-based drog discovery (LBOD), biology-
ariented synthesis {RIOS), and diversity-orienied syn-
thesis [DO%) began ta evolve. Compared to traditianal
drug discavery platlorma, these methods have not only
cxpedited the process of bringing rew drugs onto the
markezt bat alsn have helped in providing drugs with bet-
ter gpecificily towards the tanget and lesser toxicity, DOG
has particularly emerged as a synthetic approach that is
uscd far the dessgn and construction of rovel, small mal-
ecule libraries containing a high degree of structural and
stereo-chemical diversity [18, 19]. Screening of DOS-
derived compound lbraries hag led to idenlifcation
of many povel and biolegically useful small molecules
known for their antibacterial, antifungal, antiparasitic,
and anticancer properties [20-25]. Accordingly, the pre-
penit woik almed to sceeen and evalaate compounds of
D05 library (comprissd of 1] indole-based betercoyeles
which are connected to piperidine or pyeecdidine male-
cules either theough band fusion or via spiroe linkags) for
their efficacy in killing both wild-type and artemisinin-
registant sfrains of P falcdparum in vitro, These com-
prands can be pegregated into 4 dilferent stroctures. The
initial reaction invalved trifluoroacetic acid (TFA) cata-
Iyzed eondensation reactions of tryptamines with varipus
aldehydesf ketones to afford warioug library molecoles
(Experimental procedwre section, Additbonal file 1). Few
of them were further transformed to newer compounds
by M-bromesuccinimide (MB5)-mediated oxidation ar
ring contraction (Experimenta] procedure section, Addi-
ttonal le 1),

The studys screening  assay  identified  that
l-aryltetrahyro-f-carboline class of compounds possess
significant anti-plasmodial activity. Further screening of
twor best compounds, i.e., 2 and 3, showed their potential
0 kill both wikl-type and artemisinin-resistant strains,
Also shown was that compound 3 can induce slgnifi-
cant rexclive oxygen specles (ROS) generation in malaria
parasites, providing insight into the mechanism of com-
pound 3-Induced parasite death.

Methods

Compound designs and synthesis

The DHOS library scoeened here is comprised of 11 com-
pounds belonging to fowr different structucal classes of
compounds, as described in Additional file 1 and pre-
viously published work [26, 27). They are dibydea and
tetrahydro-f-carbolines, piperidine and  pyrrolidine-
fused tetrahyro-f-corbolines and spiropyrralooxpindoles
[Additional file 1= Fipure 51A), Teyptanine is the appro-
priate substrate which when reacted with aldehydess
ketones in presence of catalytic TRA, undergoes conden-
sation to provide a preliminary set of scaffobds 1=+1, 9
amd 11 {Addizivnal file 1: Figure 51B). Compound 2 and a
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ABSTRACT: The thyroid, an important part of the human endocrine system, is
myvalved in the repulation of oxygen use, basal metabolic rate, cellular metabolism,
and growth. As it acts as a regulatos for the body, abnormalities of the thyroid shiould
be reckored with, and measures 1o prevent such oocurrences should be followed,
Hypothyroidism can be described as the inability of the thyroid gland o produce
sufficient thyroid hormone to fulfill the metabolic demands of the body. Usage of
medicinal plants and their active compounds for the treatment of discases has, in

Besearch Schiolar,

[ recent years, showing a lot of promise in chemotherapy. Also, the Ja-:t_ af major side
&aﬂin;:iﬂsﬁmﬂéhi -§34008,  ST1°ctS: s obscrved with the usage of such therapy led to an increase in the people’s
Thaskhand. Tndia ; tendency o use thess compounds. In the present study, the effect of aqueous exiracts

of Terminalia chebula frait on Thyroid parameders in rais during seven-day oral
administration of a low dose of 250 mgkyg and a high dose of 500 mgkg was
investigated. The parameters cvaluated the ameliorative effect of agueous fruit
extract in the regulation of thyroidism in rat model. The result showed a significant
increase in T3 and T4 at the dose of 250 mgkg and 500 mg'kg body weight when
compared to the control. However, TSH showed a significant decrease in the case of
both kow dose and high dose a8 compared 1o the control. The resulls of this study
suggest that the extract may have beneficial effect on stimalants to thyroid funetions.

E-mail: kumarthabb 38 @ email com

INTRODUCTION: The thyroid, an important part
of the human endocrine system, is involved in the
regulation of oxygen use, basal metabolic rate,
cellular metabolism, and growth '. It secretes the
hormones thyroxine (T4) and triiodothyronine (T3),
which play essential roles in  growth and
development and determine the basal metabolic
rate. The thyreid hormones are secreted into the
bloed and act at the cellular level through the
activation of genes involved in prolein synihesis,
maturation of the nervous system, and increase the
rale of cell respiration in tissucs, thus clevating the
basal metabolic rate (BMR) °,
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Consequently, any wvanations in these hormone
levels lead to disturbed BMR and present with
certain signs and symptoms leading 1o thyroid
discase. A decrease in the thyroid hormone levels is
known as hypothyroidism, which may occur due 1o
multiple reasons including a deficiency in iodine
consumption, glandular lesions, autoimmune
attacks, and impaired pituitary activity ™ °.

If left untreated, hypothyroidism has been observed
to lead to a wide range of abnormalities, including
fatigue sensation, weight pain, dryness of skin,
depression and behavioral fluctuations, loss of hair,
face swelling, and increased cholesterol *, Thyroid
disease is onc of the most common endocrine
disorders worldwide whose incidence increases
with increasing age °. According to recent data
from various studies, 42 million people suffer from
thyroid diseases in India alone. About I to 2% of
the adult population is known to suffer from
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thyroid  disorders Thyroid disorders more
commonly occur in females as compared to males,
with the common prevalence ratio of thyroid
discases  being  4:1.  The prevalence of
hypothyroidism is around 0.3% to 0.4%, which
mereases with age, and females tend to be more
affected *. The need for treatment of these disorders
has risen in recent years due to its increasing
prevalence, with hormone replacement being the
primary therapy of choice, However, alternative
medicinal approaches are gaining popularity in
view of their efficacy with minimal side effects.
Medicinal plants have been used throughout human
history for the treatment of discases. Plant-based
medicines tend to produce lesser side effects.
Medicinal compounds can also be extracted from
herbs and spices used as food seasoning .4

In recent years there has been a tremendous
upsurge of interest in medicinal plants, especially
those used in Ayurveda, Siddha, Unani, Modem
Amechi, Homeopathy, and Naturopathy. Drugs
obtained from plants are believed to be much safer
and exhibit a remarkable efficacy in the treatment
of various ailments. Human and environmental
interactions are prominently affected by folk
medicinal traditions . Terminalia chebula is one
of the oldest known medicingl plant species
belonging to the family Combrefaceae ' Tt is
called as ‘haritaki' since it is said to carry away all
diseases or it 15 sacred to God Siva (Hari). The fruit
of this plant is reported to possess the
phytoconstituents responsible for antibacterial,
antidiabetic, antioxidant, antidiarrhoeal, anti-
carcinogenic, antiarthritic, hepatoprotective, anti-
inflammatory and antiviral E.E-Ti‘r'il'll:ﬁlurm like gallic
acid, ellagic acid and corilagin *. The present
communication was designed to explore the impact
of fruit extract of T, chebula on the Thyroid profile
of mammalian animal model male albino rats.

MATERIALS AND METHODS:

Collection of Plant Material: The fresh fruits of
Terminalia chebula were collected from Ranchi,
Jharkhand (India) dricd in the shade six to seven
days and then crushed into coarse powdery
substance by using an electric grinder. The coarse
powdery substance was dried again and was then
sieved to get fine powder using the fine plastic

sieve and stored in an airtight bottle in the
laboratory until required **%,
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Extract Preparation: 50 g of the sieved powder
was subjected to extraction in a Soxhlet apparatus
at room temperature using ~350 mL distilled water.
The extract obtained was filtered, concentrated in
the rotary flash evaporator, and maintained at 43 °C
;I;El tPEH:I:ﬂ.tEgI: yield of each extract was calculated

Animals: Male Albino rats (175-200 g) were used
in the smudy, They were maintained under standard
laboratory conditions at an ambient temperature of
25 = 2°C and 50 + 15% relative humidity with a
12-h light/12-h dark cycle. Animals were fed with a
commercial pellet diet and water ad libitum.

Acute Toxicity Studies: Acute toxicity studies
were determined by using a fixed-dose method
according to OECD guidelines. Healthy adult mice,
weighing 175-200 g were used.

Twenty albino rats of either sex were used to
determine the LDsgy of the aqueous extract of fruit
of Terminalia chebula. The animals were randomly
divided into two pgroups of 10 rats, each and
administered and observed for 90 days as follows:

Group 1: received 1 ml of distilled water orally.

Group 2: received 250 mg/kg body weight of
extract orally.

Group 3: received 500 mg'kg of body weight of
extract orally. Morality was not obscrved up to
S00 mg'kg of body weight in case of aqueous fruit
extract of Terminalia chebula.

Sample Colleetion: At the end of each expen-
mental peried, the rats were reweighed, starved for
24 h and sacrificed under chloroform anesthesia. 5
mL of blood was collected from each animal by
cardiac puncture using a sterile needle and syninge.
Part of the blood sample was put into test tubes and
allowed 1o clot for 30 min before centrifuging at
B00 g (Wisperfuge, 1384, Samson, Holland) for 5
min. The supemnatant was used for ipd analysis.
The remaining blood sample was put in an EDTA
bottle for hematological determinations.

Analytical Procedure:

Estimation of Thyroid Hormones: Estimation of
serum Ty, Ts and TSH was done by chemilu-
minescence immunoassay method *.
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