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RESUMO

Lectinas sdo proteinas de origem ndo i munoldgica que se ligam de for ma
especifica e reversivel a carboidratos. Apiniazerumbet é una planta ornamental uilizada na
medicina popular de modo nuito abrangente para tratanento de enfer mdades conp
inflamacgdes, febre e gripe. Neste trabal ho lectinas foramextraidas e purificadas a partir de
fdhas (AzeLL, doinglés A zerunbet leaf lectin) e flores ( AzeFL, do ingés A zerunbet
flover lectin) de A zerumbet e avaliadas quanto & atividade antibacteriana contra
Staphyl ococcus aureus, Escherichiacoli, Pseudomonas aeruginosa, Kebsiellapneunoniae e
Shi gellasonnei através da deter ninacdo de concentrac@es mini mainibitéria(CM) e nini na
bactericida (CMB), bemcono a atividade ter mticida contra operérics e sol dados da espécie
Nasutiter mes corniger. Extratos e msol ugdo salina e tanpdes comdiferentes val ores de pH
forampreparados. G extratos emcitrato-fosfato 0,1 MpH 7,0 nostraram nai or ativi dade
he magl winante especifica e foramchamados entdo de extrato de fa ha (LE doinglés leaf
extract) e extrato de flor (FE doinglés flower extract). As atividades he magl uti nantes de LE
e FE foraminibidas por Nacetilgicosamna Fracionamento salino utilizando sulfato de
andni o ndo resultou e m preparagdes enriqueci das e mlectina. Sendo assim LE e FEforam
cromat ografados e mcolunas de quitina. G picos proteicos adsorvidos e el uidos comaéci do
acetico 1,0 Mforamdialisados e denomnados AzelLL e AzeFL, que apresentaramativi dade
he magl winante especifica de 640 e 984,6 respectivamente. FE e AzeFL perderam
conpletanente a ativi dade he magl winante ap6s aqueci mentoa 70 ° Cpor 30 nin, enquanto o
LE perdeu a sua ativi dade apenas ap6s aqueci nentoa 100 ° Ce AzeLL apos aqueci nentoa 80
°C LEinibiuo cresci nento de E coli, P aeruginosa e S. sonnei (CM de 1235 pg/ nk de
prateinas paratodas as bactérias) e FEinibiu P aeruginosae S. sonnei (CM de 1135 g/ n
de praoteinas para anbas). AzelL s6 foi capaz de inibir o cresci mento de K pneunoniae
(CM: 970 pg/ mL), enquanto AzeFLinibiuapenas S sonnei (CM: 820 pg mL). G extratcs,
AzelLe AzeFL agiramapenas conp agentes bacteri ostéicos. No ensai oter mticida, a norte
de todos os operarios mantidos emcontatocomLE FE AzellLe AzeFL ocorreue mcerca de
3-6 dias, nais cedo que no contrae (taxa de nortalidade de 100 %apds 9 dias). No entanto
nao houve diferencas significativas (p> 0,05) entre as curvas de sobrevi véncia dos operari s
estabel ecidas para o contrde e as anostras em todas as concentracdes testadas. Por outro
lado, LE(O,5€e 1,0 ng/ mL de prateinas) FE, AzeLL e AzeFL (0 0625-1 0 ng/ mL) induziram
significativanente (p<0,05) a norte dos soldados de N corniger. Emconclusdo, AzelL e
AzeFL foram purificadas a partir de cromatografia em coluna de quitina, apresentaram
relativa ter moestabilidade, foram eficientes em inibir o cresci nento das bactérias K
pneunoniae e S. sonnei, respectivanente, e sdo agentes ter mticidas contra sol dados de N
corni ger.

Pal avras-chaves: col0nia, lectina purificacdo de proteinas, ter moestabilidade,
atividade artibacteriana, atividade ter mtid da



ABSTRACT

Lectins are prateins fromnon-i mmune originthat bind specificallyandreversibly
to carbohydrates. Apinia zerunbet is an ornamental plart usedinfdk nedicineina very
conprehensi ve manner for treat nent of i nfir mties such as i nflammation fever andflu Inthis
work lectins were extracted and purified fromleaves ( AzeLL, A zerumbet leaf lectin) and
flowers (AzeFL, A zerumbet flower lectin) of A. zerunmbet and eval uated for antibacterial
activity against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa,
Kl ebsi ell a pneunoni ae and Shi gellasonnei by deter mningthe mni nal i nhibitory ( M O and
mni nal bactericddal (MBC) concentrations as well as for ter mticidal activity against
Nasutiter mes corniger workers and soldiers. Extracts in saline soluion and buffers at
different pH values were prepared The extractsin 0.1 Mcitrate-phosphate pH 7. 0 showed
hi ghest specific he maggl uti nati ng activity and were called LE (leaf extract) and FE (flower
extract). Hemaggl winating activities of LE and FE were inhibited by N-acety d ucosam ne,
Saline fracti onation using a mnmoni umsul phate did not result in preparations richer inlectin
Thus LE and FE were cronat ographed on chitin columms. The adsorbed pratein peaks el ued
with 1. 0 Macetic acid were dialysed and called AzeLL and AzeFL, which showed specific
he maggl utinati ng activity of 640 and 984. 6 respectively. FE and AzeFL conpletelylost the
he maggl uinati ng activity after heatingat 70° Cfor 30 mn while LEI ost its activity onl y after
heating at 100° Cand AzelL after heating at 80°C LEinhibitedthe growh of E cali, P
aeruginosaand S. sonnei ( M Cof 1235 pg/ nh of prateinfor all bacteria) and FEinhibited P
aeruginosa and S. sonnei ( M Cof 1135 pg/ mh of prateinfor both). AzeLL was only ableto
inhibited the growth of K pneunmoniae (MC 970 pg/ mL) while AzeFL onlyinhibited S.
sonnei ( M C 820 pg/ mL). The extracts, AzeLL and AzeFL acted only as bacteri ostatic drugs.
Intheter mticidal assay, the death of all workers maintainedincontact with LE FE AzelL
and AzeFL occurred around 3-6 days, earlier thanin contrd (100%of mortalityrate after 9
days). However, there were no significant differences (p>0.05) bet weenthe survival curves
establishedfor contrd andthe sanpels at all tested concentrations. Onthe other hand, LE(Q.5
and 1 0 ng/ mL of protein), FE AzelLL and AzeFL (0. 0625-1 0 ng/ mL) induced si gnificantly
(p<0.05) the death of N corniger soldiers. Inconclusion AzelLL and AzeFL were purified by
chitin chromat ography, showed relative ther nostahility, were effective ininhibit grow h of
the bacteria K pneunmoniae and S. sonnei, respectively, and are both ter mticdal agents
against N corniger sdders.

Keywords: butterfly ginger, lectin pratein purification ther nmostahility,
antibacteria activty, termtiddal actiuty.
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1 INTRODUCAO

As lectinas sdo prateinas que se ligam reversivel nente e especificamente a
carboidratos (CORREI A et al, 2008). Esta capacidade pode levar a diferertes atividades
bio 6gicas, tais conp antibacteriana, antifungica e inseticida (SOUZA et al, 2011
NAPOLEAO et al, 2012 NAPOLEAO et al, 2013, GOMES et al, 2013), A ocorréncia de
lectinas, te msidorelatada e mvarios organis nos e, atual nente, a nai oria das | ectinas isal adas
sdo de origem vegetal. As lectinas foram obtidas a partir de raizes, rizonas, tubércul os,
bul bos, fd has, flores, frutos, se nentes, cascas e cerne ( NAEE Met al, 2001, OL VH RAet al,
2003, OLI VEI RAet al, 2008, SAet al, 2008, VALERI E et al, 2009; COSTA et al, 2010;
NAPOLEAO et a, 2011; ALBUQUERQUE et a, 2012).

Estas prateinas podem ser identificadas numa anostra por neio do ensaio de
he magl winacdo, seguido pelo ensaio de inhicdo da atividade de henagluinacdo por
carboi dratos si nples ou conplexos. Este dlti no ensai o tanbé m define a especificidade da
lectina a carboidratos e podem direcionar a escoha da natriz de afindade ideal para
purificacio ( NUNES et al, 2011, FERNANDEZ - DEL- CARMEM et al, 2013). A
caracterizacdo fisico-quini ca das lectinas inclu a avaliagdo da estabilidade para diferentes
tenperaturas e val ores de pH Acaracterizacdo estrutural de | ectinas envol ve varias técni cas,
umdelas é a eletroforese em gel de poliacrilam da (PAGE), que pode ser realizada na
presenca ou ndo de um agente desnaturante (normal mente de dodecilsufato de sodio SDS)
responsavel por desnaturar a proteing e/ ou um agente de reducdo (nor nal mente f-
mercaptoetandl ou ditiareitd), que quebra suas pontes dissufeta A PAGE sob condicdes
nativas revela a honogeneidade e a carga liquida da lectina e PAGE desnaturante sob
condi ¢cOes redutoras revela a conposic¢do de subunidades e do peso molecular da proteina

(REYNOSO- CAMACHO et d, 2003 PA VAet a, 2010).
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Atividade arntibacteriana de lectinas de plantas tem sido investigada,
principal nente porque esta aunentando a necessidade de antibi&icos para conbater as
estirpes bacterianas que apresentam resisténcia aos conpostos usados atual nente
(CARVALHO et al, 2010, SAVA A 2012, TAYLOR 2013). Temsido sugerido que a
ativi dade anti bacteriana das | ectinas contra bactérias G am positivas e G am negativas ocorre
através da interacdo da lectina com conponentes da parede celuar bacteriana incluindo
pepti doglicanos e lipopolissacarideos (PA VAet al., 2010).

Atividade i nseticida de lectinas fol descrita contrainsetos de varias ordens, conmo
Diptera, Lepidoptera e Coleoptera (OLI VEIRA et al, 2011, NAPOLEAO et al 2012
NAPOLEAO et al, 2013). A capacidade que elas possuemde se ligar a carboi dratos esta
i nplicada na atividade insecticida. Por exe nplo temsido relatada a ligagdo das lectinas as
estruturas glicosiladas e mol éculas presentes notra o di gestivo dos i nsetos (H TCHES et al.,
2008; NAPOLEAO et al, 2011). Aatividade inseticida de lectinas a tér mitas foi tanbém
atribuido aresisténciaa di gestdo por enzi mas protediticas dointestino de tér nitas be mcono
os efeitos bacteriostéico e bactericda sobre bactérias si nbi dticas do i ntestino (NAPOLEAO
et a, 2011).

Al piniazerumbet (Pers.) Burtt &Smth (2 ngiberaceae), popul ar nente conhecida
col 6nia é muito cultivada, devido a beleza de suas flores. E unm espécie nativa das regi 6es
tropicais do sul e sudeste da Asia e é difundido por vérias partes do nmundo ( CRONQU ST,
1981). A zerunbet é amplanente utilizada na nedicina popular por isso foi estudado
propriedades far nacol 6gicas das fdhas, flores e rizonas, tais cono efeitos depurativos,
diurético, anti- histérico, arti-inflanatdrios, hipaensor, e anti-hel mintico entre outros
(M NHO DE ARAW O et al, 2005, ELZAALWELY et al, 2007, CHOMP OO et al, 2011,
CAVALCANTI et d, 2012, CUNHA et a, 2013 TAO et d, 2013).

Estetrabal horelata a purificacdo e caracterizacgdo de lectinas da folhae da flor de
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A zerumbet, bemcono a avaliacdo da atividade antibacteriana e ter mticdda do extrato e da

lectina (AzeLLl) dafdhaalémdo extraoe dalectina (AzeFL) daflar.
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2 FUNDAMENTACAO TEORI CA
21 LECTI NAS

2 11 Definicdo e histarico

A palavra lectina deriva do lati mlectus, que significa esca hido ou selecionado.
Esteter no foi introduzido por Boyd e Shapleigh em1954 e traduz a principal caracteristica
dessas nol écul as que € a de seligar a carboi drat os de for na especificaatravées de li gacdes nao
covalentes e de agl uinar eritrocitos de for na seletiva (PEUMANS &VAN DAMME, 1995).

As lectinas representamumgrupo particuar de proteinas que estdo anplanente
distribui dos por todos os tecidos de diversos seres vives, sendo descritas em rai or nlmero
emplantas (COELHO E SILVA 2000, RATANAPO et a., 2001, NAEEMet a., 2001;
OLI VH RAet al., 2003, WANGe NG 2003; NASQ MENTOet a., 2008, OLI VEl RAet al.,
2008a; SAet d., 2008, QOSTAet d.,2009, SANTOS et d., 2009, VAZ et al., 2009).

O pri neiro estudo coml ectinas foi desenvol vido por Sill mark e m1888, onde foi
verificada a presenca de unma proteina nos extratos de sementes de manona Ricinus
communis, que agl utinava eritrocitos de ani mais. Essa observacao resutou e mum marco nos
estudos das lectinas (SHARON &LI'S 1988). Em 1889, Hellinobservou, no extratot 6xico de
Abrus precatorius (jeriquiti), a presenca de uma proteina que ele chanou de abrina, a qual

tinha a propriedade de agluinar céluas sanguineas (SHARON &LIS 1991).
Porém os estudos comlectinas s conecarama se anpliar a partir de 1960 quando se
conecou a abrir una vasta area de aplicacdes para essas praieinas (GABOR et d., 2001).

Em 1980, a defini¢do delectinafoi anpliada para proteinas ou glicopraeinas de
origem ndo i munol 6gica que apresertam dois ou mais sitics de ligacdo a carboidratos,
agwtinamceélulas vegetais ¢ ou ani nais e precipitam polissacarideos e glicocon ugados de

fornma reversivel (GOLDSTEIN et a., 1980). No entartgq o0 advento de nelhorias
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tecnol Ogicas para andlise estrutural e nolecular levou a una atualizagdo dessa definicéo:
lectinas sdo prateinas que possuem no nminimo um domnio ndo catalitico que se liga
reversivel nente a um mono ou oligossacarideo especifica estendendo esse conceito a
proteinas que se conportam de forma conpletanente diferente com relagdo as suas
propriedades de agluwtinacdo ¢’ou precipitagio de glicoconjugados (PEUMANS &VAN
DAMME, 1995; 1998). Uma definicdo si nplificada e nuito utilizada pode ser que lectinas
sdo prateinas ou glicoprateinas, encontradas amplanente nos diversos organisnos, que se

ligamreversivel nente a carboi dratos e dicoconjugados ( NUNES et a, 2011).

2.1 2 Aividades bid 6gicas e aplicac@es hi atecnol bgi cas

Como objetivo de detectar a presenca de | ectinas e mu na sol ucdo pode ser feito o
ensai o de atividade he magl uinante ( AH, no qual aslectinas seligama carboi dratos presentes
na superficie dos eritrécitos, for mando ligagOes reversiveis entre céluas proxi mas o que
resuta na agluinacdo dessas céluas (SANTOS et a., 2005). G eritrécitos uilizados no
ensai 0 pode mser de origemhunana ou de outros ani nais, bemcono pode mser tratados
enzi maticanente (BANERJEE et al., 2004, JUNG et al., 2007) ou qui mcanente
(NAPOLEAO et d., 2011). Niotratar os eritrocitos tanbé mé uma opcéo para realizagdo do
teste ( WTI TSUWANNAKUL et al, 1998, MO et a, 2000). Ofato de as lectinas serem
ligantes de carboi drat os especificos viabiliza outro ensaio nuito comumaque é o de inibicdo
da henagluinacdo. Nesse teste, a anostra contendo lectina é incubada com solucdo de
carboidrato o qual atuara conoinibidor por seligar aositiode ligacdo a carboi drato presente
na estrutura da lectina, impossibilitando assi ma ligacdo dessalectina comos eritrécitcs. Esse
ensai o identifica 0 nonossacarideo para o qual a lectina é especifica (CORREI A &

COELHQ 1995 WANG &NG 2006, FERNANDEZ- DEL- CARMEN  2012).
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Aém de nonossacarideos inibidores, algumas lectinas podem ser especificas a
oligossacarideos ( WALTI et al., 2008) conmp també ma glicoproteinas ¢ ou polissacari deos
(THAKUR et al., 2007). Oensaio deinibicdo da AHtanmbé massegura a naturezalectinica da
agluinacdo, uma vez que outros conpostos como taninos e céions podem causar umna
pseudo-agl winacdo por dispersaremos eritrocitos na solugdo. Contudo essa dispersdo ndo é
abolida quando a anostra é previanente incubada com carboidratos livves em sol ucdo
(CORRElI Ae COELHQ 1995, SHARON e U S 2001).

As lectinas témse nostrado i nportantes ferramentas para a investigacdo e m
di versas areas da ciéncia, emespecial, processos médicos, qui nmicos e bio6gicos ( NUNES et
a, 2011; PATR A Oet al, 2011; ROLI Met al, 2011, MELOet al, 2011). Ogrande nanero
de lectinas comdiferentes especificidades te mlevado a sua utilizagdo conop reagentes para
expl orar carboi drat os encontrados nas cél uas, sendo este, umdos pontos maisi nportantes no
avanco de numerosas areas da bidogia celuar (X4 MENES, 2009 SOUZA et al, 2011,
SANTOS et d, 2012).
As lectinas témsido utilizadas eficiente mente e mestudos histoqui micos e celares (VEGA e
PEREZ 2006), cono moléculas bicadesivas na entrega de drogas ( GABOR et al., 2001;
BIES et a., 2004), fracionanento de céluas (OHBA et a., 2002), no estudo de
glicoconjugados e oligossacarideos (BANERJEE et al., 2004), na i ndugdo de apoptose e m
tunores de céluas humanas (KARASAKI et al., 2001), inihicdo da prdiferacdo de
fibrobl ast os ocul ares e contracdo de col ageno (BATTERBU Yet al., 2002), e na esti mul agdo
da proliferacdo de diferentes tipos celuares, cono linfécitos T hunanos (BANERJEE et al.,
2004; MACI EL et al., 2004) e esplencdcitos ( NGAI e NG 2004, WANGe NG 2006; L et al.,
2008). Aividade artiinflamatdria (SANTI- GADELHA et al.,, 2006) e atividade
hi poglice mante ( KAVALALI et al., 2003) de lectinas jaforamdescritas e a i nobilizacao de

lectinas e msuportes i nertes per mte o uso delas conp matrizes de afinidade para purificagédo
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de glicoprateinas dos mais diversos tipos (SILVA et a., 2011, ARAWO et a., 2013;
NAPOLEAO et d., 2013h).

Lectina das fohas de Pandanus amarillzfdius apresentou atividade antiviral
contra virus herpes tipo 1 e virus influenza (OO et a., 2004). Qutras lectinas té msido
descritas comacdoinibitériasobre atranscriptasereversado H VA1 ( WANG e NG 2006; U
et d., 2008).

As lectinas també mpodemfunci onarcono agentes anti mcrobianos contra cél ulas
bacterianas (GA DAMASH MU e VAN STADEN 2002 TASUM et a., 2004
TAKASHAK et d., 2008, COSTA et d., 2010; WEI et d., 2012, MASSAN et d., 2013) e
contra fungos (FRE RE et al.,2002, TR NDADE et a., 2006). Lectinas tanbémtém
apresentado efeito anti-protozodrio ( MOURA et a., 2006) e nenaticida (RPOLL et d.,
2003). Ahabilidade das I ectinas de se ligarema glicoprateinas de superfices celulares tem
i npul sionado estudos da bidogia e estrutura de agentes i nfecci osos, como, por exe npl o, na
caracterizacdo epi de m ol 6gi ca da Neisseria gonorrheae e diferenciacdo de outras espécies de
Neisseria (WU et al., 2001). Em outros casos, lectinas pode mfuncionar cono alvos em
tratament os de i nfeccBes; umexe npl 0 é o caso de deter ninadas bactérias produze ml ecti nas
especificas para certos carboidratos e fazemuso das nesmas para se aderiremao tecido
hospedeirocono pri neiro passoe mumprocesso infeccioso. Ocresci nento da col oni a dessas
bact érias é reduzi do quando o tecido é tratado comecarboidratos livres em sol ugdo devido a
di mnui cdo da adesdo das cél uas bacterianas aoteci do, ocorrendo umbl oquei o do ataque das
bactérias (SHARON e LS 1993 RUD GER et d., 2000).

As lectinas apresentamoutras ativi dades bi d 6gicas tais cono atividade i nseticida
contra varias espécies deinsetos-praga e vetores de doencas ( DUTTAet al., 2005, LH TE et
al., 2005, SAet al., 2008 2009, SANTOS et al., 2012, NAPOLEAO et al., 2013a) e seus

genes pode mser utilizados na producdo detransgénicos de plantas de interesse econémco



18

(RAMESH eta., 2004, Mc CAFFERTY et al., 2008). Relatos prévios tém i ndicado | ectinas
cono agentes no contrde de diversos vetores de doengas, inclundolarvas e ovos de Aedes

aegypti (COELHO et d., 2009, NAPOLEAO et d, 2012, SANTOS et d., 2013).

2 1 3 Qassificacdo

Existemfor mas nuito variadas para classificar as lectinas, as quais dependem
muito do enfoque a ser estudado. De uma for na mais anpla existemos grandes grupos de
lectinas vegetais e lectinas ani nais. As lectinas ani nais pode mser classificadas e mtipo- G
que sdo lectinas calcio dependentes ( V\EI et al, 2012) e galectinas, lectinas ligantes
especificas de p- galactosideos (FUKUMORI et al, 2007), as quais sdo as duas rmmaiores
classes, além de mais oito grupos (tipo-S tipol, tipo-P, tipo-L anex nas,
calrect ulinas’cal nexi nas, discoidinas, eglectinas, agl utininas, tipo fibrinogéni o e pentraxinas);
esses grupos sdo classificados de acordo coma si mlaridade de suas estruturas pri narias
(KHLPATRI CK et al., 2002). As lectinas de plantas pode mser classificadas com base na
especifid dade de ligacdo a acUcares (gal actose/N-acetil galactosamna, glicose/ manose, N
acetil gicosamna, L-fucose), de acordo com caracteristicas na estrutura nolecular
(neradectinas, hol dectinas, qui nerad ectinas e superlecti nas) ou ai nda combase na ocorréncia,
estrutura e especifiddade (lectinas de legum nosas, lectinas ligadoras de quitina proteinas
inati vadoras de ribossomos, lectinas relacionadas a jacalina lectinas de nonocatiledbneas
ligadoras de nanose, lectinas de floenma de cucurbitaceas e lectinas da fanilia das
anmarantaceas) (VAN DAMME et d., 1998).

De acordo coma dassificacao das lectina quanto a estrutura nol ecul ar, temos as

segui rtes defini ¢oes:

L  Merolectinas: lectinas comapenas umdo m ni o de reconheci nento de carboi dratos e que
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nao possue matividade he magl uinante. Umdos exe npl os nais conhecidos é a heveina, una
lectinaisdada doldex da Hevea brasiliensis (VAN DAMME et d., 1998).

Il Holdectinas: lectinas que possue mpelo nenos dois donnios de ligacdo a carboi drat os,

0s quais sdoidénticos ou nuito semel hantes. Aconcanavalina A(Con A, alectina nais
conhecida e estudada na literatura, pertence a este grupo( VAN DAMME et al., 1998);

L Qui nerdectinas: lectinas que possuemumou mais domnios de ligacdo a carboidrato
aémde um outro dominio com outra atividade biddgica qual quer, cono por exenplo
hor nonal ou enzi nética, sendo esse sitio independente da ligacdo a carboidratos. Um
exe npl o cléssico desse grupo de lectinas € aricina (VAN DAMME et d., 1998);

I '/ Superlectinas: | ectinas que possue mpel o menos dois doninios de ligagBes a carboi drat os,

entretantg ao contrério das holdectinas, podem se ligar a carboidratos com estruturas
distirtas. Nesse caso al guns consi deramas superlectinas umtipo especia de qui ner ol ectinas
uma vez que apresentamdois sitios de ligacdo a carboi dratostatal nenteindependentes entre
si emfuncdo e estritura. A TGL, lectina extraida da Tulipa gesneriana, é una superlectina

comespecifiddade a nanose e a N acetil galactosamna (VAN DAMME et d., 1998).

2.1 4 Purificacdo de lectinas

As técnicas utilizadas para purificacdo de lectinas sdo as nes nas utilizadas para
purificacdo de prateinas consistindo, e mgeral, em mét odos convencionais cromat ograficos e
eletroforéticos, os quais se baseiame maspectos estruturais e fisico-qui micos das praeinas,
tais cono carga el érica, tananho e sd ubili dade.

O pri neiro passo na purificacdo de lectinas de uma planta é a extracdo, método
em que o tecido ou 6rgdo em estudo pode ser macerado ou triturado e, em seguida,

ho nogenei zado e mu ma sd ugéo de extracdo. Aextracédo pode ser e msol ugdosalina conmo no
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casodoisdanentodas senentes de Talisiaesculenta( FREl RE et al., 2002) e das se nentes de
Cratylia mollis (PA VA e COELHO 1992, CORRElI Ae COELHQ 1995) ou usandotanpdes
cono no das lectinas de cotilédones de Luetzelburgia auricuaa (Ol VEI RAet a., 2002),
das senentes de Cratylia floribunda (SOL et al., 2007) e da entrecasca de Crataeva tapia
(NASA MENTOet al., 2008). O nuior interesse € aumentar a sol ubilidade das prateinas. A
extracdo é geral nente seguida de una filtracdo e centrifugacdo pararetirada de restos sdlidos
do naterial de partida e possiVveis i npurezas nasdugéo.

Oextrato bruto é entdo subnetido a etapas de pré-purificacdo. Apri neira etapa é
o fracionanento salino, que wtiliza sais neutros para di mnuir a sol ubilidade e magua das
proteinas presentes no extrao Em concentragfes reduzidas, esses sais aumentam a
sol ubilidade das proteinas (“saltingin”), mas quando a concentracdo ¢ aunentada (resultando
emaumnento daforcaiodnica) ocorre umna reducdo da sol ubilidade das prateinas, possihilitando
sua precipitagdo (“salting out”). Nor mal nente utiliza-se o sulfato de andnio devidosua alta
sd ubilidade e méagua, per nitindo a preci pitacdo pratéica e por ndo desnaturar as protei nas
(HEUet al., 1995). Aprecipitacdo pode ser feita utilizando diferentes sat uracdes de sal e pode
promover separagdo parcia (fracionanento) das prateinas, uma vez que proteinas diferentes
apresentamsol ubilidades diferentes e mresposta a concentragfes de sais (X MENES, 2009;
SILVA 2009). Para retirada do sal utilizado na precipitacdo, realizamse dialises em
me mbranas se miper neaveis, netodo baseado na separacdo de noléculas por diferencas de
peso nol ecular; as proteinas ficamretidas, pelali mtacdo causada pela me nbrana, enquanto
que noléculas nenores, conp carboidratos ou sais, passam para a solugdo solvente no
exterior da nenbrana (PLUMER 1978).

Apds a extragdo e purificagdo parcial, diversos métodos cronmatogréficos sdo
usados para a purificacdo das lectinas, dentre eles, a cronatografia de trocaionica ( YAN et

al., 2005), a cromatografia de excl usdo nolecular (CANDY et al., 2003), a cronat ografia de
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afinidade (NAEE Met d., 2001).

Acronatografiaé, basicanente, um nétodo que envol ve duas fases, uma movel e
unma estacionaria Nessa técnica faz-se passar a fase novel pela estacionaria o que vai
possi bilitar que al guns componentes da fase nmovel fi que mretidos na fase estaci onaria de umnma
deter mnada for ma, a depender da cromatografia utilizada. Oresultado é a nigracdo seletiva
dos conponentes presentes na fase movel. A cromatografia de troca idnica baseia-se na
ligacdo da proatei nacomgrupos de cargas contrériasi nmobilizados na matriz (trocador de i ons).
Acoluna élavada comsol ucdotanpdo e as praeinas comnenhunma ou poucainteracdo coma
metriz sdo excl uidas. A prateinas adsorvidas na matriz pode mser el uidas pel o aunent o da
forcaiénica ou alteracdo do pHdo neio( DATTAEet a., 2001). Esse nmétodo per nitetanbém
separacdo de isofor mas lectinicas, pela utilizagdo de gradiente salino crescente ( M SHRA et
al., 2004).

A cromatografia de afinidade é a nais uilizada para purificacdo de lectinas e
basei a-se noisdanento por neio da capacidade das prateinas e mse ligare mespecificamente
a outras noléculas. No caso das lectinas, as matrizes de afinidade contém carboidratos ou
glicoconj ugados coval entenente i nobilizados. Aanostra é aplicada a matrize as nol écul as
semafinidade passamsemse ligar, enquanto que as lectinas especificas para a matriz sdo
retidas. Aprateina desejada é geral nente obtida comalto grau depureza (YE e NG 2002);
alterando-se as condi ¢des de pH(SAet al., 2008), forcai 6nica( FREl RE et al., 2002) ou pela
el ucdo comuna sd ucdo contendo umconpetidor (OL VE RA et d., 2002).

Varios suportes podem ser utilizados na cromatografia de afindade para a
puri ficagcdo de | ectinas, tais conp Sephadex, umpoli nero de glicose (CORREI AE COELHQ
1995), a quitina, paralectinas comafini dade por N-acetilgicosamna (FREl RE et al., 2002), o
gel de guar e a Sepharose, paralectinas ligadoras de galactose (COELHO e SI LVA, 2000;

CANDY et al., 2003), bem conmp Sepharose ou Agarose contendo carboidratos ou
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glicoprateinas i nobilizados (GERLACH et d., 2002).

2 15 Caracterizacdo

Una vez definido o pratocol o de purificacdo de umna prateing, essa devera passar
por umna série de testes que vao deter mnar caracteristicas particulares, tais cono afinidade a
carboi drat os e glicoconjugados, conportanento e mpresenca de ions e em diferentes val ores
de pHe tenperatura tamanho da nol écul g, tipos de estrutura, conposi¢do de sua sequéncia
de amnodci dos, ertre muitas outras for mas de caracterizacdo uilizados atual nente.

Testes de atividade hemagluinante e inibicdo desta fazendo uso de
monossacari deos si nples ou conplexos, glicoproteinas, glicoconjugados e polissacarideos
sdo frequentes na caracterizacdo de lectinas, desde que a especificidade € umcritério para
classificacdo de lectinas (SI LVA et al, 2012).

Aavaliagdo da AHde lectinas e mdiferenteste nperaturas, para a deter mnacéo da
estabilidade € outro passo na caracterizacdo. A gunas lectinas sdo ter nossensi veis, outras
ter moestaveis. Tais proteinas pode mter sua atividade oti mzada e muna deter ninada fai xa de
tenperatura e ausente em outras tenperaturas desfavoraveis a manutencdo da sua estrutura
nativa. A gumas lectinas per manece mativas até 55-65 ° Ce a partir de entdo, coma el evacao
da tenperatura, a AH decai até ser abolida, conp a lectina de Luetzelburgia auriculaa
(OU VEI RA et al., 2002), outras continuamativas até 100 °G cond no caso da lectina de
cogunel o Ganoder ma capense que se manteve ativa apés aqueci mentoa 100 ° C durante 150
m n (NGA e NG 2004).

Qutra avaliagdo i nportante é a estabilidade e m diferertes val ores de pH pois
estas proteinas devem ser nantidas em solucdo que apresente as condigOes ideais a

manutencdo de sua estrutura nativa. O pHtem efeito variado sobre as lectinas: e mal guns
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casos ndo afeta a atividade ( WTTSUWANNAKUL etal., 1998), emoutros a | ectina perde a
atividade em deter mnada faixa de pH cono no caso da lectina de Erythrina speciosa
(KONOZY et al., 2003) e outras ficamativas e manplafaixa de pH si mlar mente alectina de
Ganoder ma capense ativa emval ores depHque variamde 4 a 11, (NGAl e NG 2004).

A eletroforese emgel de poliacrilanmida (PAGE) e mcondi¢bes nativas revela o
grau de pureza de una preparacdo, bemcono a cargaliquida da proteina PAGE pode ser
realizada usando umgel contendo o agente desnaturante dodecil sulfato de sddio (SDS) e/ ou
0s agentes redutores - mercaptoetano ou diticreitid ( DTT). Na presenca desses conmpost s,
a eletroforese pode ser utilizada para revelar a conposicdo e a massa nolecular de
subuni dades de uma proteina (REYNOSO CAMACHO et a., 2003). Gs geis pode m ser
corados com Azul de Coonassie, coloracdo com prata, ou Negro de Amdo, 0s quais
detectam bandas polipeptidicas, ou comcol oracdes especificas para glicopraeinas, cono a
col oracdo comacido peridd co- Reativo de Schiff (GOMES et a., 2013). Qutroi nportante
mét odo el etroforético é a el etrof ocali zagcdo ou focalizacdo isoel érica, que deter mina o ponto
isoel étrico da proteina de irteresse.

Muitos outros métodos e ensaios, tais conmp dependéncia da nolécula a ions,
estabilidade a diferentes val ores de pH HPLC/(cronatografialiqui da de alta pressdo), HPLG
RP (cromatografialiquida de alta pressdo e mfase reversa), FPLC (cromatografialiquida de
rapida resducdo) (WONG NG, 2003), a imunodifusdo a difusdo dupla andlise da
conposicdo de amnoacidos, seqlencianento de amnoacidos, estudos de fluorescéncia,
dicroisno circular e cristalizacdotanbé msao ferranentas i mportantes para a caracterizacao

das lectinas.
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2.2 Apinazerunbet

2.2 1 Qassificacdo batanica

Essa planta conunente chanada de col6nia estd includa na fanilia
Zingiberaceae, a qual é conposta por ervas de pequeno a grande porte, perenes ou nao,
rizonmat osas, entouceiradas e de cresci mento simpodial, as vezes acaules, com fol hagem
energindo diretanmente do solo ou mais frequente nente apresentando pseudocaul es eret os,
herbaceos, com até 3m de altua A folhas sdo alternas, disticas, lineares e
peniparalelinérveas, geral nente na cor verde. As inflorescéncias sdo do tipo ci nosa,
frequentermente espiciforme, for mada por bracteas decorativas que prategem as flores, as
quais sdo hissexuadas, zigonorfas, diclanmdeas e heteroclanideas, com calice tri nero e
ganossépalo cordatrimera, ganopétala com uma das pétalas e mtamanho naior que as
denmais. A preé-floracdo é do tipo i mbricada, havendo 1 estane e mais 4 estaninodios
petal Gides, com anteras ri nosas. O gineceu € ganocarpelar, tricarpelar, ovario infero
geral mrente com 3 I 6culos comunente pluriovulados, placentacdo frequentenente axial. O
fruo € do tipo baga ou capsula comsenentes ariladas. Afanilia Z ngiberaceae apresenta
di stribui co pantropical comespécies orignarias da Asia Tropical, India, I1has do Pacifica,
Tailandia, Indonésia e Mal asia, perfazendo aproxi nadamente 1300 espécies e m50 géneros
conhecidos (CRONQU ST 1981; KRESS et al. 2002). As espécies nais utilizadas no Brasil
para paisagisno sdo de procedéncia exdtica apenas o género Reneal mia € nativo da regido
Amazonica Contudo algumas exdticas sdo consideradas subespontaneas, principal mente em
sa os brejosos a exe nplos das espécies Hedychiumcoronariume Hedychi umgardnerianum
Muitas espécies dafanliaté mval or econdnico fornecendo ali nentos (fécul as dos rizonmas),
perfurres, condi nentos de propriedades arongticas, corantes, fibras e papel (TOMLI NSON

1969).
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O represertarte mais comum dessa fanilia é o gengibre (Z ngiber officinae),
muito conhecido na culindria Orizonma do gengibre, étanbé mutilizado cono mat éria-pri na
para fabricagédo de bebidas, perfunes e produtos de confeitaria cono pées, bol os, biscoitos e
geléias e na nedicina popular, € miito wilizado cono excitante estormacal e car ninativo.

Muitas espécies da famliaté mol eos aronaticos que sdo usados para perfumaria,
notenperoe parafins medicinais. G rizomas de al gumas espécies de Curcuma sdo utilizados
cono forte de ali nento, uma vez que séo fontes de amdo. Conp plantas ornanentais,
destacamse espécies dos géneros Zingiber, Apinia, Ncoaia Hdychiume Kaenpferia pela
bel eza da fd hage me dainflorescéncia ( WNTERS 1995).

Alpiniaé o naior género da fanilia com rais de 200 espécies (CRONQU ST,
1981) e ocorre na Milasia e nas ilhas do Cceano Pacifico ( DAHLGREN et al. 1985). O
género Alpinia é caracterizado norfad ogicanente pela presenca de rizoma si nples e pelas
bracteas vistosas e inflorescéncia ter ninal. Todas as partes da planta sdo aronéticas, una
propriedade que deriva da grande quanti dade de éleos essenciais. Otraco mais narcante deste
género é a beleza de suainflorescéncia 0 que explica seu uso ornanental anpl o através da
conercializacdo de suas mudas e flores. Aém disso, essas plantas possuem muitos usos
medicinais emvarias partes da Asia e das Anéricas. Plantas desse género fazem parte da
dieta hunana e mvarias partes da Asia sendo o arroz de Al piniazerunbet umdos ali nentos
basicos da dieta local em Okinawa no Japdo. Gs rizonas tanmbé msédo usados para fazer
bebi das e te nper os.

De acordo com Sirirugsa (1999) a espécie Alpinia conchigera é utilizada na
Tailandia para o tratamento da bronquite, reunmetisno e artrite e, segundo Ibrahi met al.
(2009), essa planta tanmbém possui acdo antibacteriana e antifungica Alpinia galanga é
utilizada e mvaérios | ocais da Asia contra cdlicas, disenteria cancro do esténmago, e para o

tratanento de diabetes mellitus, febre, dispepsia e incontinéncia urindria apresentando ai nda
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efeito anti-inflamat orio (KHATTAK et d., 2005 NAMS Aet d., 2009).

A espécie Apiniazerumbet (Pers.) Burtt & Smth (FHgura 1) é nuito cultivada
pela beleza de suas flores (JOLY, 1993) e é popul ar nente conhecida cono col énig paco-
seroca, cuité-acu, pacova ( AL MEI DA 1993), gengibre-concha (LORENZI & SOUZA 1995),
cardanmono-do- nato  cardanmono-falsq cana-do-brejo  cana-do- mato e  paco-seroso
( MACHADQ 1996). Euna planta origi nériadoJapdoe China, perene, herbéacea, rizomatosa,
muito entouceirada, comaté 2mde altura As folhas sdo coriéceas, decorativas e verdes e a
inflorescénciater mnal, recurvada, for rada por flores vistosas de text ura cerosa e mbranco-
rosado e amarelo Miltiplica-se facil nente pela divisdo dos rizonas. Possu umna variedade
chamada de A zerumbet variegata que tanmbé mte mgrande i nportancia paisagistica. Anmbas
sdo muito uilizadas na medicina popular e encontradas comfrequéncia no Brasil devido a

fécil adaptacdo ao di ma tropical, démda grande popul aridade (TOM.I NSON 1969).

Hgura 1- Apniazerumbet

Forte: dsponivel em< www jard ndefl ores.combr>acesso em12 de set. de 2013


http://www.jardimdeflores.com.br/
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2 221 nportancia nédica e econdnca

A zerunbet é utilizada na medicina popular como hipatensiva, diurética tonico
estonmacal e cardiaco, notratanento de constipacdes, gripes, febres, proble mas estonacais e
indi gestdo, antiox dante, bactericida, proporciona alivio de dores e espas mos. De acordocom
Carlini (1972), A zerumbet era utilizada por trabal hadores agricaas de Ribeirdo Preto (Sdo
Paul 0) paratratar reunatisno e doencas cardiacas. Nas regi des nordeste e sudoeste do Brasil,
o chafeito de suas fal has € usado freqiiente mente cono um nedicamnmentoanti-hi pertensivo e
diurético (IVEDEI ROS et al., 2004). Esta espécie estd entre as mmis citadas para uso
medicinal emdiferertes regides do Brasil, etemsido sugerida para uso no Sistena Unico de
Salde do Brasil (SUS) fazendo parte do REN SUS unmna relacdo nacional de plantas de
interesse do SUS com potencial de gerar produtos de interesse ao Ministério da Saude
(B ESKI, 2005). Nailha de Mrtinica unma possessdo francesalocalizada no Mar do Caribe

oriental, ela é usada como umtratanento contra a influenza (LONGUEFOSSE & NOSSI N

1996).

Est udos como ché das fol has da col 6niarealizados por Mendonca et al. (1991) e
Laranjaet al. (1992) confir namo seu efeito hi patensor. Santana et al. (1966) nostraramacao
antiinflanat oria capaz de inihbir processos ede matosos. Acol 6niate msido tanbé mestudada
emrelacdo as atividades antifingicas (LI MAet al. 1993) e anti bacterianas, al ¢ mda producao
de inseticidas a partir dos dleos essenciais da flor ( MORI TA 1992). Aconposicdo qui mca
dos dleos essenciais encontrados na folha e norizonma da espécie fo estudada por Fujita &
Yanmashita(1973) e por De Pooter et al.(1995); os ol ecs essenciais da plantatémsido muito
estudados recente mente, sendo obtidos Ol eos a partir de seus frutos (TAOet al, 2013), rizonma
(CHOMPOOeet al, 2011) e fo has (ELZAALWELY et al, 2007). Sdo descritos efeitos cono
anti-hipertensivo (CUNHA et al, 2013); vasorelaxante (Pl NTOet al, 2009) e anal gésicoem

ratos (DE ARAW O PINHO et al, 2005), bemcono avaliagdo tox cadgica e mleucocitos
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humanos (CAVALCANTI et d, 2012).

O oleoessencial de A zerumnbet é ativo contra bactérias Gam positivas e Gam
negativas, bemcono fungos (LOBATO et al, 1989, M CTORI Oet al, 2009). A atividade
anti mcrobiana do dleo essencial das flores de A zerumbet fa patenteada por Morita, em
1992 Estudos utilizando extrato etandlico de raizes de A zerumbet conprovarama inibicao
do cresci mento de estirpes de Helicobacter pylori no estdnago de pacientes no Hospital de
Tai wvan ( WANG & HUANG 2005).

Afanilia Z ngi beraceae € rica e msubstancias com val or terapéutica tais cono os
flavondi des, que foram detectados e mvarias espécies (I WASH NA 2000). G flavondi des
sdo consi derados marcadores qui mossiste méticos da orde mdos Zi ngiberales (PUQA ALLI et
al, 1993). Havondi des, tani nos e terpendides apresentamativi dade anti oxidante significativa
através da captura de espécies reativas de oxi géni o associadas ao envel heci nento, doencas
cardiacas, disfuncdo cerebral e doencas neurodegenerativas, reunatis no, e o apareci nent o de
canceres, entre outros (OU VEIRA et a, 2009). Rutina, isoquercitrina catequina,
epicatequina, canpferd, o canpferd 3- Gglucuronido e canpferd 3- O-ruinosideo foram
isdados por Mplantinos et d. (1998) a partir de extratos de A zerumnbet.

Espécies do género Alpinia sdo freqlente mente usadas por suas propriedades
arométicas, que estdo relacionadas com os compostos voléteis que foram detectados por
diferentes técnicas de extracdo (DE POOTER 1995, ZOGHBI et al, 1999, JOSEPH et al,
2001, ALl et al, 2002, MALLAVARAPU et al, 2002, FANG et al, 2003, ELZAAWELY et
al, 2007a; M CTORI Oet al. 2010b, 2010c, 2010d). A gunas e npresas no Japdoinveste mna
extracao de Ol eos essenciais de folhas de A zerumbete usampara a producdo de cos neéticos,
perfunes e sabonetes (ELZAAWELY et a, 2007, TAWATA et a, 2008). Estes incluem
monoterpenocs, terpineno, linoneno, 18 cineol, canfeno e sabineno. A presenga de

monoterpenos € predomi nante entre espécies de Apinia Taninos sdo citados cono as
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substancias que ocorrem muito comumente em todas as espécies Z ngiberaceae
(TOMLI NSON 1969), no entanto eles sdo muitoescassos no género Apinia

O género Apinia temsido extensivanente estudado por suas propriedades
anticancerigenas. Por exenplo o Oleo essencial da espécie A oxyphylla provou ser eficaz
contra linhagens cancerosas (LEE et al, 1998 HOUGHTON &LEE 2005). Aém disso,
Hahmet al. (2003) est udarama acao de substancias extrai das a partir das se mentes de Al pinia
katsumadai, que foramcita 6xicos paralinhagens de cél uas de cancer de pul néo humano e
linhagens leucé mcas. G extratos dorizonma de Apiniaoffidnaramforameficienteseminibir
a nelanogénese emestudos comcéluas de nelanonma BL6 ( MATSUDA et d, 2009).

Gs principais estudos sobre Alpinia dizemrespeito a vasodilaacdo e atividades
hipatensoras. & flavondides sdo descritos como netabolitos envolvidos na atividade
hi patensora proporcionada por esta espécie (DA COSTAet al, 1998). Da nesna forna, em
estudos comeca nmundongos, os conponentes do 6leo essencial de A zerumbet nmostraramum
efeito hipatensor atribuido a terpined-4 (LALHOU et a, 2003). Em outros estudos, do
mesnmo grupo, verificou-se que a acdo anti-hipertensiva do Odleo essencial ocorre
independentemente do sisterma nervoso Si npéatico 0 que sugere uma acdo relacionada

diretarmente para orelaxament o de vasos sangui neos (LALHOU et d, 2002).

2.3 CUPI NS

2 31 Qassificacdo ei nportancia

Gs cupins sdo i nportantes degradadores de nmadeira e para isso usam suas
enzi nas e sua mcrobiataintestinal (SHELTON &GRACE, 2003). Constitue mparte da fauna
do solo e somam comas mnhocas, a naior parte da biomassa Auam nodificando as

particuas do sol g alterando sua distribuicdo etextura elevamo pHe aumentamos niveis de
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nitrogéni o e de fésfora fazendo comque os sol os onde estdo presentes sejamfavoraveis para
a agricdtua (KOUASSI &L EPAGE 1983 BASAPPA &RAJIAGOPAL, 1990;
ASAWALAM & OHNSON 2007).

Gs cupins sdoinsetos de habitos subterraneos e constitue mo principal grupo dos
insetos eussociais (SAet al., 2008) que se agrupamtodos na Ordemlsoptera com nais de
2000 espécies descritas. Estdorepresentados nas Americas por 84 géneros e m5 fanilias com
514 espécies. Registramse cerca de 200 espécies no Brasil. Agrande naioria das espécies de
cupins ndo é considerada praga e sdo benéficas para o ambiente principal nente cono
eficientes deconpositores de matéria organica (VARMA & SWARAN 2007). Cont udo,
algumas espécies sdo consideradas pragas de madeira da agricutura e de florestas. As
principais espécies causadoras de estragos em madeira estruural de edificagdes sdo dos
géneros Nasutiter nes, Coptaternes e Oryptaermes e e mplantas agricd as e fl orestas nativas
sdo do género Coptatermes ( BANDEI RA 1998). As espécies dos géneros Anitermes,
Cylindrater mes e Nasutiter mes sdo consideradas as principais pragas de plantacdes de cana-
de-acucar.

No geral, os cupins sdao conhecidos pelo habito de se alimentarem
preferencial nente de celul ose e mat éria or gani ca morta ou e mdeconposi ¢do, nas ali mentam
se tanbé mde vegetais vivos. G ninhos pode mser dos tipos nais diversos (Fgura 2), de
acordo comas espécies; el es pode mser arboricdas, sendo construi dos e mtroncos de arvores,
geral nente apodreci dos comco muni cacdo como sol o xil 6fagos, quandosdo for mados | onge
do solo em nadeira, ou humvoros no caso de construiremseus ninhos excl usivanente no

sdo
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FHgura 2 Nnhos de cupins arboricdas (A, hunvoros (B e xldfagos (Q.

A B

o

Fortes: A disponivel em<www flickr.con> acesso em 10 de set. de 2013; B disponivel em
<www flickr.con® acesso e m10 de set. de 2013, C disponivel e m<www natal.rn. gov. br > acesso em
10 de set. de 2013

Dentro dos ninhos, 0s cupins se organizam em castas, onde cada uma €
responsavel por umna fungdo especi fica Para que ocorra a manutencdo e sobrevivéncia do
ninho existem os individuos alados e reprodutores conhecidos cono “aleluas ou siriris”
(Fgura3A), que sae memrevoadas e mépocas quentes para copular. Acopulano entanto ndo
se da no vbo e si mno chdo quando eles perdem suas asas. Existemos individuos apteros
sexuados que pode mse tornar férteis através do desenvol vi ment o de seus érgaos sexuais em
caso de norte dorei ou darainha (Fgura 3B). Os operarios (Fgura 3Q constroe mo ninho e
sdoresponsaveis pela alimentacdo e cuidado dos filhates (Fgura 3D e dos sol dados (H gura
3B), que recebe messe nome por seremos defensores da ca 6nia

Os operarios ali nentamas outras castas através da troca do ali nento pela boca,

sendo chamado de estomodéico e correspondendo a umliquido claroa Essatroca de ali nentos
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pel a boca possihilita o contat o através de umferomdni o que é fundanental paraa organi zagdo
da col6nia. Gs individuos ainda na fase larval que recebe mo ali nento pode mter sua fungéo
(operério ou soldado) esti milada através de diferentes feronmdnios, de acordo com a
necessi dade de i ndi vi duos da col 6nia. Levando em consi deracdo essa alternancia de geracdes
de reprodutores, reis e rainhas, sol dados e operarios, teoricanente unma col 6nia de cupins
poderia ser eterna. No entanto por notivos ainda ndo esclarecidos apds um deter mnado

periodo de tenpo ela se exti ngue.

FHgura 3 Gastas de cupins. (A Reprodutor alado. (B Rainha. (Q Qperério. (D
Hlhate (B Sd dado.

C D E

Fortes: A Dsponivel em<www nmul herud.combr > acesso emQ7 de set. de 2013; B
extrai da do video <http// www yout ube. comt wat ch?v=T AsraNjf8E> acesso em07 de set. de 2013, C
D sponi vel em<www a nbiental mania combr>acesso e m07 de set. de 2013, D Disponivel em
<www det etizadora natsuri.combr > acesso emO07 de set. de 2013; E Dsponi vel em
<WWW gaso metroco mvoce.combr > acesso e mQ7 de set. de 2013

No Brasil, existem representantes de quatro fanilias de cupins, que séo:
Kal ater nitidae, considerados pri nitivos, ndo constroe m ni nhos ne m possue m operarics, sO
atacame ali mentamse de madeiraseca; Rhinotermitidae sédona maioriasubterraneos, atacam
plantas vivas e nortas e alguns sdo pragas i nportartes; Serriter nitidae, que ocorre s6 no
Brasil; e Ter mtidae, bastarte diversificada, e conpreende cerca de 85% das espécies de
cupins conhecidas do Brasil (KAMBHAMPATI e EGGLETON 2000). Aguns sao
conedores de nadeira, de fohas, de hanus, e tanbém cultivadores de fungo (que néo
ocorremno Basil) e miitos constroe mni nhos grandes e conpl exas.

Dentro da fanlia Ter nitidae, destacamse quatro génercs, por representare mas

principais pragas de mudas no canmpo. Sdo eles Coniternes, Synternmes, Anopldaermes e
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Nasutiter nes. Suas espécies sdo e mgeral hum voras, mas no entanto os Nasutiter mes pode m
ni di ficar e mraizes de rvores, sobretroncos, sob o soloe sobre osad o for nando nmonticul os
alémde frequente nente construr ninhos e mtel hados, forros, e vaos estruturais (EDWARDS
e MLL 1986; SCHEFFRAHN et d., 2002).

Nasutitermes corniger € uma das espécies nais comuns do género
(SCHEFFRAHN et al., de 2005), sendo una espécie arborea endé mca da regido nectropical.
Seus ninhos sdo marromescuro na superficie e té mpequenas saliéncias no seu exterior. A
rainha vi ve numa canaral ocalizada no centro do ninho (geral mente perto dotronco ourano
ao qual o ninho estaligado). Individuos férteis de N corni ger té masas pretas, corpos escuros
e ocel os que estédo | ocalizadas relativamente longe dos d hos.

Segundo Zanettiet al. (2002), cupins sdo de dificil contrde uma vez que sdo
insetos subterranecs. S80 comunente vorazes e enddgenos na estrutura edificada e em
arvores, nostrando pouco ou nenhum sinal de sua presenca, pois vivem em ninhos
construidos longe do alinento e emlocais ocultos e bem prategidos, sendo capazes de
transitar anplanente pelo anbiente ( MLANO &FONTES, 2002). O transitosubterraneo
no sdo pela populacdo de

cupins se deve principal nente a atividade de forrageanento de ali nento que
geral nente abrange umterritdrio cujotananho varia de acordo coma espécie. Aatividade de
forrageanento e de tunelanmento para varias espéecies de cupins de varias regi6es do nmundo
sdo i nfl uenci adas tanbém por fatores anbientaiscono atenperatura nini ma, a umdade do
sdq a umdade relativa do ar, atenperatura do solg a precipitacdo pluviongtrica dentre
outros, sendo que ha estratégias de conpensacao pelos cupins para o forrageanmento sob
diferentes condi¢des ambientais (GUTI ERREZ &WHI TFORD 1989; HAAGS MA & RUST,
1995, UMEH &1 VBIJARQ 1997, HAN & ND AYE, 1998 CR ST, 1998 SU & PUCHE

2003, EVANS, 2003, HOUSEMAN & GOLDQ 2003, AHMED & R AZ 2004, ARAB et d.,
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2005, ARAB & COSTA-LEONARDQ 2005, GREEN et d., 2005).

2. 32 Inseticidas naturais

De acordo com Addor (1994) inseticddas sdo subustancias utilizadas para
contrdar populacdes de espécies-praga que atacam plantacdes, construcBes e vetores que
trans mitem agentes etiologicos de doencas graves, que podeminclusive levar a norte
(NAPOLEAQ 2012).

O uso de inseticidas botanicos na agricutura di nnui os custos de producao,
preserva 0 ambiente e os ali nentos da contamnacdo qui mca, tornando-se préaico a
agricutura sustertavel e contribuindo para o apri noranento da qualidade de vida das
popul acBes envol vidas (ROEL, 2001). \Aarios extratos de fd has, ranos, cascas ou se nentes
vé msendotestados e mvarias concentracdes. EmestudocomP utellaxyl ostella( Lepi doptera
Ypononeutidae), Boica Junior et al. (2005) verificaram que o0s extratos aquosos de
Entero obium contortisilliguum Ncaiana tabacum e Sapindus saponaria, a 10% de
concentracdo, causaramumna nortalidade larval de 100% Para Tuta absol uta ( Lepi doptera
CGelechiidae) os extratos de fohas e de ramos de Trichillia pallida prejudicam o
desenval vi nento do inseto afetando principal nente a fase larval, aunentando a duracdo e
reduzindo a viahilidade deste periodo (THOMAZI N et al., 2000). Para o acaro verde da
mandi oca, Mononychell us tangj oa ( Bondar) extratos aquosos de nee m( Azadiracht ai ndica) e
cravo daindia(Syzigumaroneticun) causarammortalidade | arval afetando a duracéo da fase
deutocrisdlida e teliocrisalida e reduzindo a viabilidade dos ovos (GONCALVES et dl.,
2001).

s fagorrepelentes, doinglés “antifeedants”, sdo substancias naturais que té ma
propriedade de interronmper o pastejo ou forrageiq podendo o efeito ser tenporario ou

per manente. Geral nente agemsobre o sistema nervoso central dos insetos e sdo tanbém
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especificos para deter ninadas espécies. Um exenpl o classico de fagorrepelente € a Melia
azedarach, que é nuito ativa sobre Schistocerca gregaria (Qthoptera: Acrididae), o
gafanhoto do deserta

Muitas lectinas de plantas tém apresentado agdo contra insetos, ja foram
identificadas lectinas que agem contra Coleoptera (besourcs), Lepidoptera (nmariposas e
borbol etas), Honoptera (dgarras, pul gdes e cochonilhas), O ptera (moscas e nosquitcs) e
Isoptera(cupins), dentre outras ( MACHUCKA et al., 2000; MACEDO et al.,2002, LEl TE et
al., 2005, DUTTAet d., 2005 COELHO et d., 2007, SAet d., 2008, COELHO et d., 2009,

NAPOLEAQet al., 2011, 2012, 2013). Da nes ma for maissote mocorrido contra
diferentes estagi os de vida dos i nsetos conp o estégi olarval (H TCHES et al., 2001; LE TE et
al., 2005, COELHO et al., 2007, MACEDO et al., 2007, SA et a., 2009), de ninfa
(BANDYOPADHYAY et al., 2001), adutos (SAUM ON et al., 2004; NAPOLEAO et

al, 2013) e ovos (SANTOS et d., 2012).

Afor ma conp as lectinas age mcontra os i nsetos de ai nda ndofoi conpletanmente
explicada mas é provavel que elas estejamenvol vidas na ligacdo as glicoproteinas das cél ul as
epiteliais do intestino médio (SAUM ON et al., 2004) e interferéncia na acdo de enzi nas
di gestivas, inibindo a digestdo e absorcdo e causando a privacdo nutricional (PA VA et al.,
2013). Lectinas pode mtanbé mcruzar o epitéliodo intestino nédio e passar para dentro do
sistenma circulatdrio do inseto (H TCHES et al.,2001) e pode mainda ser i nternalizadas por
vesi cu as endocit@icas de céluas epiteliais (YU et al, 1999). As lectinas especificas para N
acetil-Dglicosamina ou com habilidade de se ligar a quitina geral nente possuem
propriedades i nsetic das, conp a | ectina do cerne de Myracrodruon urundeuvague apresent ou
efeito contra Nasutiter mes coni ger e Aedes aegypti (SAet al., 2008, SAet al., 2009). Mis a
acdo inseticida das lectinas ndo é exclusiva para as que sdo especifica de N acetil-D

glicosamna, outras lectinas de origemvegetal comdiferentes especificidades para agucares
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tanmbé mapresentaramresultados positivos (LE TE et d, 2005, MACEDO et d, 2007).

2 4 BACTER AS

Bactérias sdo organis mos microscopicos, unicelulares, procariontes, que podem
ser encontradas na forma isolada ou em colénias, podendo ser aerodbias ou anaerdbias
facultativas (BOSSOLAN 2002). Osistena de classificacdo at ual dos seres vivos propde trés
donmnig o domnio Archea o doninio Bacteria e 0 doninio Eucarya Sendo o dominio
Bacteria ocupado por todas as bactérias que conhecenos hoje ( WOESE, KANDLER

WHEELI S 1990).

No entanto nemsenpre foi assi m dentro do sistema de classificacdo dos seres
Vivos as bactérias ja foramagrupadas no grupo das plantas e dos protozoarios, por ulti mo
foramagrupadas conp constitundo o reino nonera (PELCZAR CHAN KRIEG 1996), e
final nente separadas para conpor a constitucdo de um doninia No entanto por serem
mcroorganisnmos, 0 naior inped mento do avanco nos estudos das bactérias foram as
restri¢des tecnol 6gi cas, s6 apos a fabricacdo do microscopi 0 0s mcroorganis mos puderamser
conprovados (PORTER 1976), e ainda assi mapenas cerca de duzentos anos depois ateoria
da abiogénese sO pode ser derrubada apds pasteur conprovar através do processo de
fer nentacdo o cresci nentodos microorganis mos. O avanco dos estudos | evou a descoberta de
que nmuitas bactérias sdo pat ogénicas, os pri neiros estudos da mcrobidogia médicaforamem
meados do século X X poremos pri neiros antibi &icos s6 comecarama surgir noinicio do

século XX (THURSTON, 2000; SCHWARTZ 2004).

Atual nente a biaecnologia per mte estudos nuito mais eficientes e
desenvol vi nento de procedi nentos e tratanentos nais especificos a cada tipo de bactéria
pat ogénica, da mes nma for ma as doencas causadas por essas bacteriastanbé msdolarganmente

estudadas, nuitas delasjasao be mconhecidas, a pontode outrorasere mfatais hoje pode mser
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tratadas e curadas até de for na nmuitofécil a depender do grau de i nfeccdo, cono por exe npl o
cdera(JEULAND et al, 2009, HOLMNER A; MACKENZIE A; KRENGEL U
2010) e tuberculose (FRANSBLAU et al., 2012), que ja foram protagonistas de grandes

epide mas.

Hoje o problema se extende a bactérias i munoresistertes, chanadas assi mpor
teremadiquirido resisténcia i munol 6gica a maioria dos antibicicos utilizados na nedicina
atual, essaresisténcia aos antibi &icos gera una preocupacao frequente como risco de que
uma bactéria multi resistente possa gerar una contamnacao de propoprcdes descontrol adas
(GUQ YAN YAN 2013 HUANG et al, 2011; HUANG et al, 2012). Oriscotanbémé
muito alto em hospitais uma vez que nuitas bactérias se tornam resistentes durante o
tratanento medico com pessoas i nfectadas, podendo se gerar una contam nacdo de al guna
dessas bactérias a partir de uma infeccdo hospitalar (FUKUDA LEE YMANAKA 2011
VRIJENS et d, 2010).

Agentes antibacterianos té msido utilizados para tratar doencas causadas por
bact érias, contribui ndo significativanebte para mni mzar a severidade de infec¢Bes e reduzir
taxas de nortalidade e mani nais e hunanos. Contudo, é crescente o numnero derela s a cerca
da energéncia de mcroorganisnos resistentes aos antihbi &icos conercial nente disponi veis,
tais cono netidling penidlina e oxacilina (FORBES et al., 2008, CARVALHO et al., 2010;
TAYLOR 2013). Esse cendriote mesti mul ado pesquisas visando a descoberta de antibi &icos
alternativos, dentre eles os de orige mvegetal (SAVA A 2012).

Gs antibicicos e os quimaterapicos interferem com diferentes atividades da
célua bacteriana, possuindo efeito bactericida ou bacteriostéico sendo amnbos efeitos
extremanente eficientes. As interacdes dos antibacterianos coma celua bacteriana pode m
ocorremno nivel da parede celuar, agem bl oqueando a etapa final da sintese da parede

celdar, menbrana citoplas nética, desogarnizando a ne nbrana, ribossonos, i mpedindo a
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sirtese de prateinas, DNA blogueando sua transcricdo e netabolisno inter nediéario

bl oquea m processos netabdlicos da cel uar bacteriana (COWAN 1999).

Atividade antibacteriana te msi do descrita paral ectinas isd adas de plantas (tabel a

1), tais conp a lectina de cerne de M urundeuva, das sementes de Eugenia uniflora das

fdhas de Schinus terebinthifdius e senentes de Eugenia mal accensis (OLI VEI RA et al.,

2008, SAet al., 2009, BRUSTEI Net al., 2012; GOMES et al., 2013). E sugerido que a

ligacdo das lectinas a carboidratos da parede celuar bacteriana resuta em atividade

anti bacteriana

Tabela 1- Principais dasses de conmpostos comativi dade anti nacrobiana obti das

de plantas
[ asse Subcl asse Exe npl os IMecanis nmos
Fendis Catecd | npedir a entrada de substrato
si npl es Epi catequi na Desintegracdo da ne nbrana
Fendicos 14 4o cinanico ?
aci dos
. - Li gacdo comadesi nas, Inativa enzi nas,
(i nonas H pericina conpl exacdo comparede cel uar
. Havondides |Qrisina Li gacdo comadesi nas
Fendlicos
Co mpl exo com parede celu ar
H avonas .. i ' in '
Abi ssi nona Inativa enzi mas einbe H Vtranscriptase
reversa
Privacdo de substrat g pertubacao de
Tani nos Hlagitani na me mbrana, ligacdi comadesi nas, inativa
enzi mas, ligacdi comproteinas, conplexos
comions netédlicos
Cumarinas  Mafarina Interacdo com DNA eucari dico (atividade
antiviral)
Ter pendi des,
0l eos esserdds Capsaicina Desintegracao da ne nmbrana
.. Ber berina
A cal G des —— Inerage comparede cel uar & ou DNA
Pi perina
Lectinas e Adl Lt}fr_1 na ManoSeicq ny portes dissufetoeirerage coma
poli pepti deos especitica replicacdo viral
Poliacetilenos ?

Fonte: Slva (2010)
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3 OBJETI VOS

31 OBIJETI VO GERAL

Purificar e caracterizar parcia nente lectinas a partir de fdhas e flores de Alpina

zerumbet e avalié-las quanto as aiwvidades antibacteriana e insetid da

32 OBJETI VOS ESPEQ ACOS

o Obter extratos de fol has e flores de A zerumbet e msol ugdo salina e solugdes-tanpao
comdiferentes val ores de pH

o Deter mnar AHe concentracdo de proteinas nos extrat os.

o Deter minar o efeito de monossacari deos e glicoprotei nas na AH dos extratos de fol has e
flores com mai or AHespecifica

o Fraci onar proteinas presentes nos extratos de folhas e flores com mai or AH especifica
utilizando sulfato de ambdni o e avaliar as fraces preci pitadas quantoa AH e concentracao de
pr at ei nas.

o Purificar as lectinas de fdha (AzeLL) e flores (AzeFL) de A zerunbet através de
cromat ografia emcol una de quitina

o Avaliar AzeLLe AzeFL através de el etroforese em gel de poliacrilamda e m condi ¢cdes
desnat urantes (SDS- PAGE).

o Deter mnar o efeito do aqueci nento a diferentes tenperaturas na AH dos extratos de
fd has e flores com maior AHespecifica e de AzeLL e AzeFL

o Avaliar a atividade antibacteriana de extratos de folha e flor, bemcomo de AzelL e

AzeFL contra bactérias de I nportancia nedi ca.
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. Avaliar a aividade ter mticida de extratos de foha e flor, bemconp de AcelLL e AzeFL

contra Nasutiter mes corniger.
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Abstract

Al piniazerumbet (butterfly ginger)isa plant wthornanental i nportance and also
well known infdk nedicine show ng several phar nacol ogical properties. This work reports
the purification and partia characterization of lectins, carbohydrate-binding prateins, from
leaves ( AzeLL) and flowers ( AzeFL) of A zerumbet. Extracts fromleaves and flowers
prepared in saline soluion (0.15 M Nad) or distinct buffer and pH values (0.1 Mcitrate-
phosphate pH5.0 6.0, 6.50r 7270and 0.1 MTris-HQ pH8 0 and 9. 0) were eval uated for
he maggl uinati ng activity and pratei nconcentrations. The extractsin citrate- phosphate pH7.0
showed highest specific he naggl winating activity and were called leaf extract (LE) and
flower extract (FE). Henaggluinating activities of LE and FE were inhibited by N
acetyiducosamne and treat ment of extracts with amnonium sul phate did not result in
preparations richer inlectin Thus the lectins were purified fromleaf and flower extractsin
0.1 Mcitrate-phosphate pH 7. 0 using chronat ography on chitincolums. AzeLL and AzeFL
were recoveredin adsorbed pratein peaks el uted with 1 0 Macetic acid and showed specific
he maggl winating activities of 640 and 984.6 respectively. The flower extract (FE) and
AzeFL conpletelylost their he naggl utinating activity after 30 mn at 70 ° C while the | eaf
extract (LE) lostitsactivity onlyat 100 ° Cand AzeLL after heatingat 80°C Theisd ation of
AzelLL and AzeFLsti nulaesthe eval uation of their bid ogical activities and bi atechnol ogi cal

potertial.

Keywords: lectin  purification flowver, | eaf, thermo  stahility,
butterfly gi nger.



60

1 Introduction

Al piniazerunbet (Pers.) Burtt &Smthis a plant from Z ngi beraceae famlythat
is broadly cultivated for ornanmental purposes. It is also usedinfok nmedicine andits |eaves,
flowers, and rhizones have several phar macological properties such as depurative and
diuretic effects, anti-hysterical, artiinflammatory, antioxidant, hypotensive, and
antihel mntics, anong others (Laranja, et al, 1992, A neida, 1993, Bezerra et al, 2000;
Hzaawely et a, 2007).

Lectins are carbohydrate-binding prateins that have been isdaed fromseveral
parts of plants includingroats, rhizones, leaves, flowers, fruts, seeds, bark and heart wood
(Correia and Coel ho, 1995; Coel ho and Silva, 2000; Naee met al, 2001; Aiveiraet al, 2003;
Wang and Ny, 2003, Qiveiraet al, 2008 Sa et al, 2008; Costaet al, 2010). These prateins can
be idertified in a sanple through the hemaggl uwinating assay followed by assay of
he maggl ui nati ng activity i nhi bition by si nple or conpl ex carbohydrates. This last assay al so
defines the carbohydrate specificity of lectinand may direct the choice of the ideal affinity
matrix for purification (Nunes et a, 2011, Fernandez-del- Gar me met al, 2013).

Lectins have shown several bidogical activitiesthat sti mulate the eval uation of
their biaechnological potertial. Lectins have been studied as antibacterial, antifungal,
antitunor and i nsecticidal agents (Coel ho et al., 2007; Sa et al, 2009, Napoledo et al, 2011,
Aragjoet al, 2011) as well as conponents of microarrays and el ectroche mcal sensorsthat can
be used as anal ytical and diagnosistools, for exanple ( Ge neiner et al, 2009; diwveiraet al,
2011). For all these bi atechnol ogical purposeitis i nmperativethe characterization of structure
and physico-chemcal properties of the lectinsince it needs to be stable inan environnent

many ti nes tataly distinct fromthe plant cell or tissue from which was extracted Physico-
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chemcal characterization of lectins includes evaluation of stability toward different
tenperat ures and pHvalues. Sructural characterizati on of | ectinsinvol ves several techni ques.
One of themis the pol yacrlamde gel electrophoresis (PAGE), which can be perfor nedin
the presence or not of a denaturing agent (usually sodium dodecyl sulfate, SDS) and/or a
reducing agent (usually - nercaptoethanol or dithiareitd) that wll unfold the protein and
break disufide bridges, respectively. The PAGE under native conditions reveals the
honogeneity and net charge of lectin and PAGE under denaturing and reduci ng conditions
reveal s the subunit composition and nolecular weight of pratein (Reynoso- Canacho et al.,
2003; Paiva et d., 2010).

This paper describes the extraction purification and partia characterization of

lectins fromthe leaf (AzeLL) and flower (AzeFL) of A zerumbet.

2 Mhaterids and nethods

21 PHant cdlection

Leaves and flowers of A. zerunbet were collected in gardens of the Recife city,

Pernambuco. Vdshed wthtap water, dried and separatel y powdered using a bl ender.

22 Proteinextraction

Leaf powder was honogenized wth 0.15 M Nad, 0.1 Mcitrate phosphate pH
5060 650r7.00r 0.1 MTris-Hd pH8 0ina proportion of 5%( wvV) during 16 hours at
28 ° C under constart stirring Then the honogenates obtained were filtered in gauze and
submtted to centrifugation for 15 mnat 8 000 x g and 28 °C The supernatants (extracts)
were evaluated for hemaggluinating activity and praein concentraion The same
procedure and buffers were usedto extract prateins fromflower powder and t hen obtaining

the extracts fromflowers. The extracts obtained with 0. 01 Mcitrate-phosphate pH7.0 were
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usedinthe next stepsforlectinpurificationand werereferredas | eaf extract (LE) and fl ower

extract (FB inthe next sections of this paper.

23 Proteinconcentraion

Protein concertration was esti nated according to Lowy et al. (1951) using a
standar d curve of bovi ne serumalbumn ( BSA wi thval ues bet ween 31 25 and 500 pg/ mL In

chromat ography assays pratein el uion was nonitored by reading the absorbance a 280 nm
24  Hemaggl uinaing activity

Rabbit blood sanples were collected and mxed wth Asever anticoagul ant
sauion(205gdextrose, 1L 2gsodiumcitrate, 0.42 g sodiumchl oride, and 0. 055 g citricacid
per 100 m of distilled water)ina 1: 1L 6 (bl ood anticoagul ant) (Bukantz et al., 1963). Next the
erythrocytes werefixedwthgl uaral dehyde (B nget al., 1967) and after washinga 2. 5%( v/ v)
cell suspensioninQ15M Nad was obtained

He maggl utinating assay was perfor ned accordingto Correia and Coel ho (1995)
using mcratiter plates (Techno Plastic Products, Trasadi ngen Swtzerland). The sanple (50
pub) was addedto a well containing 0.15 M Nad (50 pL) and then double-dluions were

perfor med to fill two rows of the mcroplate Next, 50 pL of rabbit erythrocyte suspension

were addedt o each well. One he naggl utinating unit (titer'l) was defined as the reciprocal of
the highest diluion of the sanple that was able to pronmote full agglutination Specific
he maggl winating activity (unit/ ng) was defined as the ratio bet ween he naggl utinating
actiMvty and pratein concentration ( g/ mb).

He maggl utinating activity was also eval uated after prewvious i ncubation (15 mn)
of leaf extract wth different concentrations of nonossacharides (fructose, galactose, N

acetvid ucosamne) or glycoprateins (fetun thyroglobulin ovalbumn) before addition of
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eryt hrocyte suspensi on

25 Protein preciptaion wth ammoni umsul phate

LE and FE were submitted to treastanent wth ammoniumsulfate at different
saturations (0-20% 20-40% 40-60% 60-80% 0-40% 0-60%or 0-80% accordingto Geen
and Hughes (1955). The precipitated fractions obtained were dial yzed against distilled water
(4 h) fdlowed by 0.1 M citrate-phosphate pH 7.0 (4 h) and evaluated for protein

concentration and he naggl uti nati ng acti vty

2 6 Chromat ography on chitin cd ums

For purification of AzelLL, LE (4 4ng of pratein) was chromat ographed on chitin
(Sgnma- Adrich, USA cdumm equilibrated wth 0.1 M citrate-phosphate pH 7.0 After
extensive washing with equilibration buffer the adsorbed prateins were elued with L0 M
aceticacid The pool of elued fractions was dal yzed agai nst distilled water (4 h) fdlowed by
0.15 MNad (4 h) and called AzeLL For purification of AzeFL the same

procedure described above was used starting from FE (4 1 ng of pratein).

2 7. Polyacrylamde gel electrophoresis

Hectrophoresis in the presence of sodium dodecyl sul phate (SDS-PAGE) was
perfor med on 12%( wv) gel accordingto Laemmi (1970). AzeLL and AzeFL pol ypeptides
and nolecuar nass markers (phosphorylase b, 97,000 Da, albumn 66,000 Da, ovalbumn,
45000 Da, carbonic anhydrase, 30,000 Da, soybean trypsin inhibitor, 20,100 Da, o
lacalbumn 14,400 from GE Healthcare Life Sciences, Sweden) were stained wth

Coonassie Billiant Bue in 10%acetic acid (0 02% W V).
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28 Heat-stahility d hemaggl uti nating activity

LE FE AzelLand AzeFL weresubmttedto heatingfor 30 minat 30, 40, 50, 60,
70, 80, 90 or 100° C After each heating periodthe he maggl uinati ng activity was deter mned

as describedinsection 24

3 Resuts and discussion

The he maggl uinating activity and pratein concentrations of extracts obtained
froml eaves and flowers are shownin Table 1L For bothleaves and flowersthe extracts wth
hi ghest specific he maggl uti nati ng activity were obtained wth 0.1 Mcitrate-phosphate pH7.0
and thus called LE and FE and chosen as starting materials for lectin purificati on

Once lectins are prateinstheir struct ures and stability are i nfluenced by pH The
pHof the extractionstep is veryi nportant becauset he activity of | ectins needi deal conditions
for mai ntenance of native structure. The pHhas varied effect on distinct lectins; insome cases
it does nat affect the activity ( Wkitsuwannakul et al., 1998) but in others the lectinloses its
activityina particuar pHrange, such as the cases of the lectin of E speci csa( Konozy et al.,
2003) and the lectin of Ganoder ma capense (Ngai and Ng, 2004).

He maggl winating activity of LE and FE was evaluated in presence of
carbohydrates and gl ycoprateins (Table 2). The activity of both extracts was nore inhibited
by N acetyiducosamne. The glycoprateins fetun, thyroglobulinand albuninalsoinhibited
he maggl Wi nati ng activity. The i nhi bition by carbohydrates and/ or gl ycoconj ugates assurest he
lectin nat ure of aggl utination as well as can be used as anindicativeto establish what wll be
the matrix usedin chrometography step.

In attenpt to obtain more concentrated lectin preparations, the extracts were

submttedto salt fractionation However, the Specific he naggl uinating actimvity obtained for
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all fractions, whichrangedfrom80 unit/ ngto 4876.2 unit/ mg for precipitated fractions from
leaves and from156. 1 unit/ ng to 266. 7 unit/ ng for flower fractions, were lower than those
obtained for the extracts. For this reason the extracts were used in chromatography step.

Since the hemaggluinating activities of LE and FE were nore inhibited by N

acetyid ucosamne we used columms of chitin whichis a honopol ysaccharide conposed by
this nonosacchari de.

Chromat ography of LE on chitincoumm (Hgure 1A resultedina singl e adsor bed
protein peak elued wth 1L 0 Macetic acid This peak showed specific he maggl utinating
activity of 640 and was called AzeLL The lectins showed a band of high nolecular weight
whichdidnot mgrateinthe gel (Fgure 1A inset). The presence of staininginthetop of the
gel isanindcativethat AzeLL didnat mgrate This nay be occurred becausethe acrylamde
concentrationinthe gel for med I owsized nesh net wor ks of pol yacrylamde occl uding | ectin
m gration or because the presence of high nolecular mass aggregatesin AzelLL

When FE was chronatographed, it was also obtained a single adsorbed pratein
peak el ted wth 1L 0 Maceticacid(FHgure 1B). This peak which was called AzeFL, showed
specific he maggl uti nati ng activity of 984.6 No band was also observed for AzeFL on SDS-
PAGE (Hgure 1B inset), probably because the same reasons suggested for ArelL

LE FE AzelLL and AzeFL were evaluated for stability of hemaggl utinating
activity to heating He maggl utinating activity of LE and AzeLL were abolished only after
heating a 90

°Cand 70° C respectively. Thisresult can be duetothe presence of other lectins
inthe extract, whichis also suggested by the highest specific he naggl winating activity of
extract. Onthe other hand, bath FE and AzeFL lose their he maggl utinating activity at 70°C
(figure 2.

Plant lectins can be ther no-sensitive or ther no-stable; in addition they also



66

possess an opti nal tenperature whichis nore favorable for its native structure. S mlarlyto
AzelLL and AzeFL, some plant lectins remain active until 55-65°C such as the lectin
Luetzelburgiaauricuata( Qiveiraet al., 2002) while athersremainactive upto 100° Csuch
as Moringa oleifera seed lectins (Coelho et al., 2009 Santos et al., 2009), Schinus
terebinthifdius leaf lectin ( Gones et al., 2013), and Sebasti anaj acobi nenses barklectin( Vaz
et a., 2010).

Inconcl usion leaf and flowers of A zerumbet containlectinsthat can be purified
by chitin chromat ography. This work sti mulated t he eval uation of bid ogical activties and

bi atechnol ogi cal applications of lectins.
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H gure captions

Fgl Chronmatography of leaf (A and flower (B extracts in 0.1 Mcitrate-
phosphate pH7. 0 on chitincolumms. Wéshingsteps used 0.1 Mcitrate-phosphate pH7.0( A—
66 M, B—54 n) onchitincolumms. The adsorbed peaks el ued wth 1 0 Maceticacid( A—
24 ns, B — 18 nis) showed hemaggl uinating activity and were called AzeLL (Apinia
zerunbet leaf lectin) and AzeFL (Azerumnbet flower lectin). The i nserts show SDS- PAGE of
AzelLL (A and AzeFL (B). The arrows indicated pol ypeptide bands detectedin AzelLL and

AzeFL afterstaining wth Goonassie Billiant B ue.

Hg 2 Henaggl uinaing activity of leaf and flower extracts as well as purified
AzeLL and AzeFL deter mned after previous heating of sanples for 30 mn at different

tenperat ures.
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Table 1 Raein concentration and henaggl uinating activity in extracts

ohtained from

Al piniazerunbet leaves and fl overs.

Extract Protei n SHA
A (ny m) **
Leaves
Ctrate-phosphate 0.640 1600.
pH50 024 0
Gtrate-phosphate 0.711 2880.
pHG6.0 048 5
Gtrate-phosphate 0.723 11,33
pHG65 192 01
Qtrate-phosphate 0. 888 18 45
pH70* 6384 0.5
Tris-HA pH80 0.516 3969.
048 0
0.15 MNad 0.427 2398,
024 1
Howers
Gtrate-phosphate 4.98 4113
pH50 048
Ctrate-phosphate 523 1566.
pHG6.0 192 3
Gtrate-phosphate 521 3144,
pHG6.5 6384 7
A trate-phosphate 6.56 4995,
pH70* 2768 1
Tris-HA pH80 323 2536.
192 2
0.15 MNad 507 2020
024

*Results wth better yield for lectin extraction

**SHA HA/ Protein( ng/ ml)
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Table 2 Hfect of nonosaccharide and gl ycoprateins on he maggl utinati ng

actiuties of leaf (LE) and flower (FE) extracts from A zerumbet ottainedin O 1 Mcitrate-

phosphate pH7.Q

Inhi bitor HA of HA of
FE

Fruct ose

0.2 ny mL N N

Gal actose

0.2 ny mL N N

N
acetyl d ucosamne

0.2 my mL 2048 0

01ny mL 4096 0

0.05 4096 0
mg/ mL

Fetun

0.5 ny mL 1024 512

0.25 2048 1024
mg/ mL

0.125 4096 1024
mg/ mL

Thyr ogl ob
ulin

0.5 my nmL 512 128

0.25 1024 256
mg/ mL

0.125 1024 512
mg/ mL

Ovalbumn

0.5 my mL 512 512

0.25 512 512
mg/ mL

0.125 512 1024
mg/ mL

HA of LE and FEin absence of inhibitars: 16 384 and 32 768, respectivel y.



72

Fgure 1

A =N AzeLL

14

1.2

A280 nm

:: | \\ /\/ \\ \ \/ \\
\ J

/ NS

0.2

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45
Fractions

0.8 -h AzeFL
0.7

0.6

0,5

0.3
0.2 JER N

N 4
0.1 i/ﬁ// = \\k\// *\k»\l
| 10 13 | 16 |

1 4 7 19 22 25 28 31 34

A280 nm
o
o
\
P

Fractions

——0.1 M citrate-phosphate pH 7.0  -=-1.0 M acetic acid



F gure 2

5
45 -+Leafextract (LE)

' ~=AzelL

4 —~Flower extract (FE)
3.5 -=-AzeFL

3
25

2
1.5

1
0.5

o |

30 40 50 60 70 80 90 100

Temperature (°C)

73



74

6. ARTI GO 2

Eval uation of anti bacteria and ter mtici dal activities of Apinazerunbet leaf extract

and lectin

Sandro do Nasci nento Slva, Francis Soares Gomes, Emmanuel Mana Pontual,

Patricia Miria Quedes Paiva, Thiago Henrique Napoledo, Miria Tereza dos Santos Correi a”

Departamento de Bioqui nica- CCB Universidade Federa de Pernambuco,

QA dade Uhiversitaria 50670-420, Recife, Pernambuco, Brazil.

*Correspondi ng aut hor. Tel: +558121268540; fax: +558121268576. E nail:

ntscorreia @ nmail.com



mailto:mtscorreia@gmail.com

75

Abstract

The broad bi aechnol ogical potertia of lectins becomes increasingythe interest
inthe study of these prateins. Plant lectins are natural conpounds and usuallylower toxicfor
non-target organisns than synthetic chemcals. This study eval uates the antibacterial and
ter mtiadal actiuities of A zerunbet leaf extract and lectin ( AzeLL). Antibacteria activity
was eval uated against Staphyl ococcus aureus, Escherichia coli, Pseudomonas aeruginosa,
Kl ebsiella pneunonia and Shigella sonnei by deter mning mni nal inhibitoy (MQ and
bactericidal ( MBQ) concentrations. Ter mticidal activity was eval uated agai nst Nasutiter mes
corniger workers and soldiers. Leaf extract i nhibitedthe growth of E cdli, P. aeruginosa and
S. sonnei ( M Cof 1235 pg/ mL of prateinfor all bacteria). AzeLL was only abletoinhibit the
growwh of K pneumonia (MC 970 pg/ mb). Thus extract and AzeLL acted only as
bacteri ostaticagents. Inter mticidal assay, |eaf extract and AzeLL did nat induce significartly
(p<0.05) the death of N. corniger workers in conparison with contrd. However, the |eaf
extract (0.5and 1L 0 ng/mL) and AzeLL (at all concentrations) showedter mtic dal activity on
soders. Both extract and lectin did not show feeding-rejection effect on N corniger. In
conclusion, A zerumbet leaf extract andlectin were efficent ininhibit growt h of bacteriaand

showed ter mticidal activity against N corniger solders.

Keywords: lectin leaf; antibacterial activity, ter miticidal activity, Nasutiter nes corniger.
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1 Introduction

The occurrence of lectins, carbohydrate-binding proteins, has been reported in
several organisns and currently the nost of isolated lectins are fromplant orign Lectins
have been obtained fromroats, rhizomes, tubers, bul bs, leaves, flowers, fruts, seeds, pods,
bar ks and heart wood ( Naee met al., 2001, Qiveiraet al., 2003, Qiwveira et al., 2008, Sa et
al., 2008, Santos et al., 2009; Valerie et al., 2009; Costa et al., 2010; Napoledo et al., 2011;
Al buquerque et a., 2012).

Anti mcrobia agents have been usedtotreat diseases caused by bacteriaand fungi
inorder tocontribute for m ni mzng significantlyt he severity of i nfections as well as reduce
mortality rates in humans and ani nals. However, it has been increasingly reported the
energence of microorganisns resistant tothe commercial antibiatics routinely used such as
methicillin penicillin and oxacillin(Forbes et al., 2008, Carvalhoet al., 2010; Tayl or, 2013).
This scenario has encouraged researches on discovering alternative antibiatics and a
promsingtrendinthis directionisthe eval uation of medicinal plants as source of conpounds
that inhibit the growt h and affect survival and/ or virulence of mcroorganis m( Savoia, 2012).
Antibacteria and antifungal activities against microorganisns t hat cause human diseases were
described for plant lectins isdated fromseeds, heart wood, leaves and cladodes, for exanple
(Qiwveiraet al., 2008, Sa et al., 2009; Santanaet al., 2009; Charungchitraket al., 2011; Gones
et al., 2013).

Lectins are also ableto exert i nsecticdal activity by i nducing nortality, affecting
physi d ogy and causi ng feedi ng-deterrent effects oninsect pests or disease vectors (Sa et al.,
2008, Napoledoet al., 2012, Napoledoet al., 2013; Paivaet al., 2013). Termites arei nportart
wood-feeding sail-recycling and deconposers insects thanks to lignocellul d ytic and ot her

enzynes present intheir gut that are produced by the ter mites or sy nbiotic prokaryotes and
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eukaryotes (Boucias et al., 2013). However a mnority of ter mte species (around 6. 6% act as
pests attacking mainly wooden structures (\erma et al., 2009). The ter mte Nasutiter mes
cornigeris foundintropica regions includng Brazilian se m-arid causing danmage to wood
using in buildng Lectins from Mracrodruon urundeuva heat wood, bark and leaves,
Opuntiaficus indicacladodes as well as Mcrogramma vaccinifdiarhizome wereinsectic dal
agents against N corniger (Sa et al., 2008 Napoledo et al., 2011, Paiva et al., 2011
A buquerque et a., 2012).

Alpinia zerunbet (Pers.) Burtt & Smth (4 ngiberaceae), popularly known as
“butterfly ginger” in English and “col6nia” in Portuguese, is nuch cultivated due to the
beauty of its flowers. It is a species native fromtropical areas of South and Sout heast Asia
andis wdespreadfor various parts of the world(Qronquist, 1981). A zerumbet is w del y used
in folk medicine and thusit has been studied phar macol ogical properties of |eaves, flowers,
and rhizones such as depurative effects, diwetic anti-hysterical, antiinflamnatory,
hypatensi ve, and ant helm ntic, anong ot hers (de Araujo Pinho et al., 2005; Hzaal welyet al.,
2007; Chonpoo et d., 2011; Cavalcarti et d., 2012, Qunha et d., 2013, Tao et a., 2013).

This work reports the eval uation of antibacterial and ter mticidal activities of the
leaf extract and lectin (AzeLL) isdated from A. zerunbet leaves. This lectinis a chitin
binding protein whose he maggl utinating activity is inhibited by N-acetyl gl ucosamne and

ther nmo- stable until 70°C (datato be submtted for publication).

2 Materids and Mthods

21 Hant neterid
Leaves of A zerumbet were collectedin gardens of the Recife city, Pernambuco.

The leaves were washed withtap water, driedfor 2 days and powdered using a bl ender.



78

2 2 Bacteriacultures

Antibacteria assay was perfor med with Gampositive (Saphyl ococcus aureus
WDC M00032) and G am negative (Escherichia coi WDCMO00013, Kebsiellapneunoniae
ATCC 29665, Pseudomonas aeruginosa WDCM 00025 and Shi gellasonnei. bacteria ki ndl'y
provided by the Department of Antibiaics fromthe Universidade Federal de Pernambuco,
Brazil. Saionarycultures were nmaintained on Nutrient Agar andstoredat 4°C To deter mne
the antibacteria actiuity, bacteria were grownin Nutrient Brathandincubated wthshaki ng at

37 °Covernight.

23 Ternmtes

N corniger workers and sd diers were obtainedinafragment of Alartic Forestry
located at Dois Irnéios, Recife, Pernambuco, Brazil. Intact nests were renoved wth a
machete fromtrunks of trees. The collection of ter mtes is aut horized (number 36301-1) by
the Instituto Chico Mendes de Conservacao da Biodiversi dade from Brazilian Mnistry of the

Environnent.

24 Ledf extract and purification of AzelL

Leaf powder was homogenized wth 0.1 M citrae phosphate pH 7.0 in a
proportion of 5%(wWvV) during 16 hours at 28 °C under constart stirring. After filtrationin
gauze and centrifugation (15 mn at 8 000 xg and 28 °Q the extract was obtained and
eval uated for pratein concentration (Lowy et d., 1951) and he maggl utinating activty.

For purification of AzeLL, LE (4.44 ng of protein) was chronatographed on
chitin(Sgma- Adrich USA columm equilibrated with 0. 1 Mcitrate-phosphate pH7. 0. After

extensive washing wth equilibration buffer the adsorbed prateins were elued wth L0 M
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acetic acid The pool of el ued fractions ( AzeLL) was dialyzed against distilled water (4 h)

fdlowed by 0.1 Mcitrate phosphate pH7.0(4 h).

25 Hemaggl uinating activity

He maggl uti nating assay was perfor ned according to Correia and Coel ho (1995)
using mecratiter plates (Techno Pastic Products, Trasadingen, Swtzerland). Briefly, the | eaf
extract or AzelLL (50 pL) was addedto a well containing 0.15 M Nad (50 pb) and then
double- dilutions were performedtofill tworows of the mcroplate Next, 50 pL of a 2 5%

(V'V) suspension of rabbit erythrocytes treated with gl utaral dehyde (Hng et al., 1967) were

added to each well. One he naggl uinating unit (titer‘l) was defined as the reciprocal of the
highest diluion of the sanple that was able to pronote full agglutination Specific
he maggl utinati ng activity (unit/ ng) was defined as t he ratio bet ween hemaggl utinating units

and pratein concentration ( g/ ).
26 Antibacterid assay

Overnight grown bacterial cultures were adjusted turbid netricallyto 1.5 x 108

caony for mng units (CFU m-~ lina wavelength of 600 nm Aiquats (100 ) of leaf
extract (19 ng/ nk pratein) or AzeLL (0.23 ng/ ml) were subnmttedina micratiter platetoa
serial double diluionin Nutrient Brath (100 W) until a final ratio of 1: 2048 Al wells were
theninoculated wth 20 pl of bacteria culture andincubated at 37 °Cfor 24 h. Assays were
perfor nedintriplicate for each concentration Negative contrd wells contained 0.15 MNad
diluedin Nutrient Brath and the microorganism After incubation the optical density was

measured at 490 nm( OD490) using a spectrophatomneter for mcroplates (B aekInstrunents

Inc., VI, USA. Mnimal inhibitory concentration (M Q was determined as the | owest
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protein concentration at which there was > 50% reduction in OD490in conparison wth

contrd (Ansterdam 1996).

To deter mnethe mini mal bactericidal concentration ( MBC), aliquots (10 pl) from
the wells whereit was detected growt hinhibitionin M Cassay weretransferredto petri plates
cocontaining Nutrient Agar andincubatedat 37 °Cfor 24 h. The l owest sampl e concentration
that reduced bacteria growt hinagarin99. 9%inconparison withcontrd correspondedtothe
MBC The assay was perfarned intriplicate. Qoranfenicd was used as positive contrd in

bath M Cand MBC assays.

27 Termticdd assay

Ter mticidal activity was eval uated using the method described by Kang et al.
(1990) wthsone nodifications ( Napoledo et al., 2011). Previously, leaf extract and AzelLL
sol uions at different concentrations (00625, 0.125 0.25 0.5 and 1.0 ng/mL of protein) were
obtai ned by dil uing a stock sol ution of extract or lectinin 0.15 M Nad. Each experi nental
unit consisted of a petri dish(90 x 15 mm) wththe battomplate covered with filter paper. A
filter paper disk wth 4 cm dianeter was soaked with 200 pL of the sanpleor 0.15 M Nad
(negative contra). Next, 20 ter mtes (16 workers and 4 soldiers) were transferred to each
plate and the assay was incubated at 28 ° Cin darkness. Eval uation of insect survival was
done daily urtil the death of all insects. The bioassay was carried out in quintuplicate and

survival raes obtai ned were expressed as nmean +SD

2 8 Feeding-rejection assay

Inan attenpt todeter mningif LE and AzeLLinduced a feedi ng-rejecti on effect,
the nass1oss of filter paper diskstreated or untreated withthe extract or lectin was eval uated

accordingto A buquerque et al (2012). For this, ater miticdal assay containing filter papers
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treated wth LE or AzeLL at L0 ng/ mh, or 0. 15 M Nad (negative control) was perfor ned as
described in Section 2. 7. The nmss of filter papers was deter mned at the beginning of the

experi nent and after 9 days. B oassays were carried out inquintuplicate

29 Saistical anaysis

Data were expressed as the nmean of replicates + standard deviation cal cul ated
using G aphPad Prismversion 4. 0for Wndows ( GaphPad Soft ware, San Oego, California,
USA), For analysis of significant differences between treat nent groups fromter mtic dal
assay it was applied Student’s t-test (significance at p<0.05) performed using Qigin 6.0

soft ware ( Microcal, USA).

3 Resuts and discussion

The broad bi aechnol ogical potertia of lectins becones increasinglythe irterest
inthe study andisadation of these prateins. Lectins fromplants have attracted nore attention
because pl ant-deri vatives are bi odegradabl e and usuall yl ower toxic for non-target organis ns
than synt hetic che mcals, althought oxi city eval uations cannot be ruled out for any conpound
that is candidate for use as drug for treat ment of metabolic diseases as well as for contra of
infections and pests. The antibacterial and i nsecticidal activities previously reportedfor ot her
plant lectins sti mulatedthe eval uation of bi atechnol ogical potential of AzeLL for contraling
hunan pat hogenic bacteria and i nsect pest.

A zerumbet | eaf extract showed specific he naggl uinating activity of 18618 and
Aze LL (specific he maggluinating activity of 640) was purified by chronatography of extract
on chitin coumm following procedure previously reported (data to be subntted). In

anti bacteria assay, the extract andlectindid nat showany activityagainst S. aureus. The | eaf
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extract inhibited the growth of E cadli, P aeruginosa and S. sonnei and M C val ues are
summarizedin Table 1L Incontrast, the extract was inactive on K pneumoni a while AzelLL
was abletoinhibit the grovih of this bacterium (Table 1). These results shows that the | eaf
extract contains other antibacterial agents in addition to AzeLL which were present in
concentrations suffident toexert inhibitory effect on E coli, P aeruginosaand S. sonnei; on
the ot her hand, AzeLLisan active principleagainst K pneunoniae whose antibacterial effect
was not evident inthe extract probably because its concentration was | ower thanthat enough
toinhibit gow h of thism croorganism

Based onthe results from M Cassay, the bacterid dal property was evaluated for
leaf extract against E coli, P aeruginosa and S. sonnei and AzeLL against K pneunoni ae.
Al these bacteria were ableto grow when aliquats were removed fromwells of M C assay
and s meared on plates containing Nutriert Agar. Inthis sense, the extract and AzeLL acted
only as bacteri ostatic agerts.

The treat ment of aninfection may require a bactericidal agent, a bacteriostatic
agent or a comnbination of both depending on the type of infection There are cases were
bacteric dal conpounds are preferable and ot hers were bacteri ostatic agents are as efficient as
bactericdal drugs. In addition some bactericidal drugs may induce the release of toxic
conponents by bacteria |eadingtotoxc shock syndromes, beingthen preferable the use of
bacteriostatic agents (Pankey and Sabath 2004). In this sense, the evaluation of
bi atechnol ogical potertial of AzelLL as an antihioticcannat be discarded because it was only
bacteri ostatic

Inter mticdal assay, the death of all worker ter mtes that were naintainedin
plates containing leaf extract and AzeLL occurred in approxi nately 3-6 days, which was
earlier thanin contrd (Hgure 1). However, there were no significant differences (p>0.05)

bet ween the survival curves established for contrd and test sanples at all tested
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concentrations. Onthe other hand, leaf extract (0.5and 1 0 ng/ mL of protein) and AzelLL (at
all concentrations) significantly (p<0.05) induced the death of N corniger solders (Fgure 2).

The ter mticidal activity of lectins are probably related wth the carbohydrate-
bi ndi ng specifiaty of the protein but this feature seens not to be crucial andthe uni que t hat
deter mnes the insecticidal effect. The nost of lectins eval uated until nowfor ter mtic dal
effect were chitinrhinding prateins but showed distinct effect on ter mtes. For exanple, a
chitinrbinding lectin from Mringa oleifera showed ter mticidal activity only at high
concentrations (L0 and 15 ng/ mb) while chitin-binding lectins from M vaccinifdia
rhizone, Q ficusind ca cladodes, and M urundeuva heart wood were active on wor kers wth
LCs0 values ranging from 0.116 to 0.248 ng/mL (S& et al., 2008, Paiva et al., 2011
Al buquerque et al., 2012). It has also been suggested ot her mechanis ns that can be i nvol ved
inter mticdal activity. For exanple, M urundeuva bark heart wood and leaf lectins were able

to kill symbiont bacteriafromgut of N corniger workers and sol diers ( Napol edo
et al., 2011) andit was suggestedthat M vaccinifoliarhizome lectinis ableto deregulatethe
nor mal honeostasis in the gut of termtes because it interfered on trypsinlike, acid
phosphatase, endogl ucanase, and [-gl ucosi dase actiuties ( Abuquerque et al., 2012). Inthis
sense, AzeLL althoughableto bindchitin may not be ablet o exert ot her deleterious effects on
wor ker ter mtes and t hen cause nortalityinduction. Onthe other hand, the sensitivity of the
sodersto AzeLL can be relatedtothe specificity of thislectinto N-acetyiducosanine, a
maj or conponent of the peritrophic natrix frominsects.

After 9 days, the feed ng-rejection assay reveal ed that the nmass1oss of filter paper
diskstreated wththe extract and AzeLL (10 ng/m) were 36+ 15 ng and 1.7 £0.8 ny,
respectivel y. These val ues were no significant different (p > 0.05) fromthat obtained for the
contrd disks (4 7+ 2 5mg), indicatingthat the extract and AzeLL did naot exercise afeedi ng-

rejection effect. This finding ensures that the absence of activity of the extract and I ectin on
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wor kers was nat due to alack of irtake of these preparations.

Inconclusion, A zerunbet | eaf extract and AzeLL exertedantibacterial activity by
inhibiting the growt h of the hunan pat hogenic bacteriaE cali, P aeruginosa and S. sonnei
(leaf extract) and K pneunoniae ( AzeLL) and showed ter miticddal actiuvity against N

corniger saders.
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H gure captions

Hg 1 Bfect of A zerunbet leaf extract (A and AzeLL (B on survival of
Nasutiter mes corniger workers. 0.15 M Nad was used as negative contrd. Each point

represents the nean + SD df five experi nents.

Hg 2 Hfect of A zerumbet leaf extract (A and AzeLL (B onsurvival of
Nasutiter mes corniger solders. 015 MNad was used as negative contrd. Each pairt
represents the nean

+ SD of five experi nents.

Bacteria Leaf A Qoranphenicd
extract zelL
MC MC MC
Staphyl ococcus aureus  ND 1235 ND ND NC 15.62
Escherichia cdi 1235 970 78
Pseudononas aerugi nosa
. . ND 1235 ND 500
Kl ebsi ell apneu noni ae
Shi gell a sonnei 39

7.8
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Table 1 Nini mal inhibitoryconcentrations (MO of A zerumbet leaf extract and lectin

(AzeLLl) as well as positive contrd doranphenicol.

M C val ues expressed as pg/ mL of pratein (leaf extract and Azell) o

cloranphenical.

ND nat detected

Hgure 1

A1oo

Survival (%)

Survival (%)

80 1

60 -

40 A

20 A

Time (days)
100

80 { |
60 -
40

20 A

Time (days)

——1.0mg/mL ——0.25 mg/mL
—a-0.5mg/mL ——0.0625 mg/mL
—4—0.125 mg/mL —0—Control
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o
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100

80 -

60 -

40 ~

20 ~

Hgure 2

100

80 -

60 -

40 -

20 ~

4 5 6 7

Time (days)

——1.0 mg/mL
—&—0.5 mg/mL
—&—0.125 ma/mL

Time (days)

—o— Control
——0.25 mg/mL
——0.0625 ma/mL
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Abstract

Alpiniazerunbet is an ornanmental plant usedin fo k rmedicine for treat nent of
infir mties such as inflammation fever and flu. This work describes the eval uation of A
zerumbet florwer extract andisolatedlectin ( AzeFL) as antibacterial agents agai nst hunan
pat hogenic bacteria and ter mticdal agents against N corniger, a ter mte responsible for
bi odeterioration of buildings, pairtings, books, and nmonunents. AzeFL was isdated by
chronmatography on a chitin columm. Hower extract inhibited the growth of Pseudomonas
aeruginosa and Shigellasonnei ( M C of 1143 pg/ mL for both) and AzeFL was a selective
antibacterial agent, inhibiting only the growth of S sonnei ( MC of 820 pg/ mL). Hower
extract and AzeFL di d nat affect the survival of N corniger workers but pronoted significant
mortality of solders. Both extract and lectin did not show feeding-rejection effect on N
corniger. In conclusion A zerumbet flower extract and AzeFL were bacteriostatic agents
agai nst t he human pat hogeni c bacteria P. aeruginosaand S. sonnei (leaf extract) and S. sonnei

(AzeFL), and were ableto pronote nortality of N corni ger sd diers.

Keywords: lectin flower; antibacterial activity, ter mticidal activity, Nasutiter nes
corni ger.
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1 Introduction

Lectins are prateinsthat bi nd carbohydrates reversildy and specifically( Correia et
al., 2008). This carbohydrate-hinding ability leads to different bid ogical activties such as
antibacterial, antifungal andinsecticide (Souza et al., 2011, Napoledo et al 2012, Napol edo et
al., 2013, Gornes et d 2013).

Antibacteriad activity of lectins fromplants has beeninvestigated nmainl'y because
itisincreasingthe need for antibiaticsto comnbat bacteria strainsthat showresistencetothe
conpounds currently used (Carvalho et al., 2010; Savoia, 2012, Taylor, 2013). It has been
suggested t hat the antibacterial activity of lectins against Gram positive and G am negative
bacteria occurs through the interaction of lectin with conponents of the bacteria cell wall
including teicaoic and teicuronic acids, peptidoglycans and lipopol ysaccharides (Paiva et al.,
2010).

Insecticddal activity of lectins has been described against insects fromseveral
orders such as Dptera Lepidoptera and Coleoptera (Qiveira et al., 2011, Napoledo et al
2012, Napoledo et al., 2013). The carbohydrate-bi ndi ng ability of lectinsisi nplicatedinthe
insecticidal activity. For exanple it has been reportedthe binding of lectinsto glycosylated
structures and nol ecul es presente at di gestivetract of i nsect (Htches et al., 2008, Napol edo et
al., 2011). Theinsectiddal activity of lectins onter mtes has been also attributedtoresistance
to digestion by proted ytic enzy mes fromter mte gut as well as bacteri ostatic and bacterici de
effects on gut synbi atic bacteria (Napoledo et a., 2011).

This work eval uatedt he antibacterial andi nsecticidal effects of flower extract and
lectin from A zerunbet, a plant popularly known as “butterfly ginger” in English and
“col6nia” in Portuguese, and whichis usedinfolk nedicine for treat nent of 1 nfl a mnmations,

fever and flu The antibacteria activity was evaluated agai nst several species from nedical
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interest and ter mticidal activity was deter mned agai nst Nasutiter mes corniger, a pest

common in urban areas of northeastern Bazil.

2 Materids and Mthods

21 Pant neterid
Howers of A zerumbet were collectedin gardens of the Recife city, Pernamnmbuco,
and washed withtap water. After drying for 2 days at roomtenperature, the flowers were

powdered using a b ender.

2 2 Bacteriacultures

Antibacterial assay was perfor med with Gampositive (Saphyl ococcus aureus
WDC M00032) and G am negative (Escherichia coi WDCMO00013, K ebsiellapneunoniae
ATCC 29665, Pseudomonas aeruginosa WDCM 00025 and Shi gell asonnei. bacteria ki ndl'y
provi ded by the Department of Antikiaics fromthe Universidade Federal de Pernambuco,
Brazil. Sationarycultures were naintained on Nutrient Agar andstoredat 4 °C To deter mne
the antibacterial activity, bacteria were grownin Nutrient Brathandincubated wthshaki ng at

37 °Covernigh.

23 Ternmtes

Nests of ter mites from N corniger were collected fromtrunks of trees at a
fragment of Alartic Forestry located at Dois Irnéios, Recife, Pernambuco, Brazil. The
collection of ter mtes is authorized (nunber 36301-1) by the Instituto Chico Mendes de

Conservagao da B odi versi dade from Brazilian Ministry of the Environnent.
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24 Proteinextraction and lectin purification

Powdered flowers were honogenized with 0.1 M citrate phosphate pH 7.0in a
proportion of 5%( wv) during 16 h at 28° Cunder constart stirring After filtrationin gauze
and centrifugation (15 minat 8 000 xg and 28° C) the extract was obtai ned and eval uated for
protein concentration (Lowy et d., 1951) and hemaggl uti nati ng actiwty,

For purification of AceFL, FE(4 0 ng of pratein) was chromnat ographed on chitin
(Sgnma- Adrich, USA codum equilibrated wth 0.1 M citrae-phosphate pH 7.0 After
extensive washing wth equilibration buffer the adsorbed prateins were elued with L0 M
acetic acid The pool of el uted fractions ( AzeFL) was dial yzed against distilled water (4 h)

fdlowed by 0.1 Mcitrate phosphate pH7.0 (4 h).

25 Hemaggl uinating activity

He maggl utinating assay was perfor med accordingto Correia and Coel ho (1995)
using mecratiter plates (Techno Pastic Products, Trasadingen Swtzerland). Biefly, the
flower extract or AzeFL (50 puL) was addedtoa well containing 0.15 M Nad (50 pb) and
then doubl e-dil tions were perfor med to fill two rows of the mcroplate Next, 50 pL of a

2. 5%(Vv/v) suspension of rabbit erythrocytes treated with gl uaral dehyde (Bng et al., 1967)

were addedt o each well. One he naggl utinating unit (titer'l) was defined as the reciprocal of
the highest diluion of the sanple that was able to pronmote full aggl uination
Specific hermaggluinating activity (unit/ ng) was defined as the ratio between
he maggl utinating units and pratei n concentration (ng/ mb).

26 Antibacterid assay
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Overnight grown bacterial cultures were adjusted turbid netricallyto 1.5 x 108

caony for mng units (CFU ni~ Lina wavel ength of 600 nm Aiquaots (100 pb) of flower
extract (1 14 ng/ nmh protein) or AzeFL (0.8 ng/nl) were submttedina mcrdtiter plateto a
serial double dilutionin Nutrient Brath (100 ) until afinal ratio of 1: 2048 Al wells were
theninoculated wth 20 pl of bacterial culture andincubated at 37 °Cfor 24 h. Assays were
perfor nedintriplicate for each concentration Negative contrd wells contained 0.15 MNad
diluedin Nutrient Broth and the microorganism After incubation the optical density was
measured at 490 nm( OD490) using a spectrophatoneter for mcroplaes (B aek Instrunents
Inc, VT, USA. Mninmal inhibitory concentration (M Q was deter mned as the |owest
protein concentration at which there was > 50% reduction in OD490in conparison wth
cortrd (Ansterdam 1996).

To deter mnethe mini mal bactericdal concentration ( MBO), aliquats (10 pl) from
the wells whereit was detected growt hinhibitionin M Cassay weretransferredto petri plates
cocontaining Nutrient Agar andincubatedat 37 °Cfor 24 h. The | owestsampl e concentration
that reduced bacteria growt hinagarin99. 9%incomnparison wthcontrd correspondedtothe
MBC The assay was perfarned intriplicate. Qoranfenicd was used as positive contrd in

bath M Cand MBC assays.

27 Termticda assay

Ter mticidal activity was eval uated using the method described by Kang et al.
(1990) with sonme nodifications (Napoledo et al., 2011). Previously, flower extract and
AzeFL soluions at different concentrations (0.0625 0.125 0.25 0.5 and 10 ng/ mL of
pratein) were obtained by dil uing a stock sol ution of extract or lectinin 0.15 MNad. Each
experi nental unit consisted of a petri dish(90 x 15 mnm) wththe bottomplate covered with

filter paper. Afilter paper disk wth 4 cmdianeter was soaked wth 200 pL of the sanple or
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0.15 M Nad (negative contrd). Next, 20 termites (16 workers and 4 solders) were
transferredto each plate and the assay was incubated at 28 ° Cin darkness. Eval uation of
insect survival was done daily urtil the death of all insects. The bioassay was carried out in

qui ntuplicate and survival rates obtai ned were expressed as nean +SD

2 8 Feeding-rejection assay

The Feeding-rejection assay was perfor ned accordingto A buquerque et al (2012)
with slight nodifications. Ater mticidal assay containing filter papers soaked with FE or
AzeFL at 10 ng/ m was perfor ned as described in Section 27, 0.15 M Nad was used as
negative control. The nass of filter papers was deter mned at t he begi nni ng of t he experi nent
and after 9 days ai mngtoeval uateifthe extract andthelectinexert afeeding-rejection effect.

B oassays were carried out inquintuplicate

29 Staistica analysis

Data were expressed as the nmean of replicates + standard deviation calcul ated
using G aphPad Prismversion 4. 0for Wndows ( GaphPad Soft ware, San Dego, California,
USA), For analysis of significant differences bet ween treat ment groups fromter mticddal
assay it was applied Student’s t-test (significance at p<0.05) performed using Qigin 6.0

soft ware ( Microcal, USA).

3 Resuts and discussion

It has been well reportedt hat lectins aretoxicto pathogenic microorganisns and

insects (Sa et al., 2009; Napoledo et al., 2011; diwveira et al., 2013, Santos et al., 2013;
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Gones et al., 2013). Inthis sense, we investigated the extract fromA zerunbet flowers and
thelectin AzeFLfor antibacterial activity agai nst pat hogenic bacteriaandter mticdal actiuvity
against N corniger workers andsoders.

The chromatography of flower extract (specific hemaggl winating activity of
5005.5) onchitincolummresultedinrecovering of AzeLL (specific he maggl utinati ng activity
of 990.9). The assessnent of antibacterial activity revealed that flower extract was able to
innibitthe growth of P. aeruginosaand S. sonnei and M Cval ues are summarizedin Table 1
AzeFL was a selective antibacterial agent, inhihiting only the growth of S sonnei. The
reduction of M C value of AzeFL regarding the extract suggests that AzeFL is an active
principle present inflower extract. Aso, the activity of flower extract on P. aeruginosa can
suggest the presence of other antibacteria compounds in flower extract. Both extract and
lectin were not ableto kill P aeruginosa and S. sonnei strains, sincethat these bacteria were
ableto grow when aliquats were renmoved from wells of M Cassay and sneared on
plates containing

Nutrient Agar. Hower extract and AzeFL did nat interferein S. aureus grow h
Based in these findings it can be concluded that flower extract and AzeFL were selective
bacteriostatic agents but nat exerted bactericidal effect at the conditions enployedinthis
wor k Lectins can affect the bacteria survival or growh byinteract wthteicoic or teicuronic
aci ds, peptidogl ycans or lipopol ysaccharides inthe bacteria cell wall (Paiva et d., 2010).

The results of ter miticidal assay indicates that flower extract and AzeFL did not
affect significantly (p>0.05) the survival of N corniger workers (Fgure 1). On the other
hand, flower extract and AzeFL at all tested concentrations pronoted significant (p<0.05)
mortality of N corniger sdders (Fgure 2). Qher chitin-bind nglectins have been described
as ter mticadal agents. The Moringa oleifera seed lectinat 1L 0 and 1.5 mg/ mL affected the

survival of N corniger (Paiva et al., 2011). Also the chitinrbinding lectins from M
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vaccinfdiarhizone, Q ficus indca cladodes, and M urundeuva heart wood were efficient
ter mticidal agents (S et al., 2008; Paiva et al., 2011; A buquerque et al., 2012). It has been
suggested that the ter mtiddal activity of lectins caninvol ves different mechanisns such as
the disrupting of peritrophic natrix the inhibition of digestive enzymnes includi ng trypsin-
like, aci d phosphatase, endogl ucanase, and - gl ucosi dase and deat h of sy mbi ont bacteriafrom
ter mte gut (Napoledo et al., 2011, Abuquerque et d., 2012).

The results of the feed ng-rejection assay showedt hat, after 9 days, the mass | oss
of filter paper diskstreated withflower extract and AzeFL at 1.0 mg/ mL (2 75+ 1.3 mg and
6.8

+ 3.8 nm, respectively) were no significantly different (p > 0.05) fromt hat of t he
contrd disks (7.4 + 4.8 ng). These results indicate that flower extract and AzeFL did not
exercise afeed ng-rejection effect and ensurest hatt he absence of activity of bat h preparati ons
on wor kers was nat due to alack of irtake by ter mtes.

Inconclusion A zerumbet flower extract and AzeFL were bacteriostatic agents
agai nst t he human pat hogeni c bacteria P. aeruginosaand S. sonnei (leaf extract) and S. sonnei

(AzeFL), and were ableto pronote nortality of N corni ger s diers.
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H gure captions

FHg 1 BEfect of A zerumbet flower extract (A and AzeFL (B onsurvival of Nasutiter nes
corniger workers. Q15M Nad was used as negative contrd. Each poirt represents the nean

+ SD of five experi nents.

Hg 2 Hfect of A zerumbet flower extract (A and AzeFL (B onsurvival of Nasutiter nes
corniger sdders. 015 M Nad was used as negative contrd. Each poirnt represents the nean

+SD of five experi nents.



Table 1 Nini nal inhibitory concentration ( M Q of A zerunbet flower extract and lectin

(AzeFL) as vell as positive contrd d oramnphenicol.
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Bacteria Hower extract AzeFL A oramphenicd
CM CM CM

Staphyl ococcus aureus ND ND 15.62

Escherichia cdi ND ND 7.8

Pseudomonas aerugi nosa 1143 ND 500

Kl ebsiella pneunoni a ND ND 39

Shi gell a sonnei 1143 820 7.8

M C val ues expressed as pg/ mL of protein (flower extract and AzeFL) or doranphenicd.

ND nat detected
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Hgure 2
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8 CONCLUSOES

o Duas lectinas foram purificadas de tecidos da A zerumbet: Azell, a partir das
fd has, e AzeFL, a partir das fl ores, atraves de protocal os si nples consistindo e mextracéo de

prateinas e msad ucdo-tampdo e cronat ografia em col una de quiti na.

o AzelLL e AzeFL sdo proteinas com afinidade para Nacetil glicosanmna e
glicopr atei nas.
o AzelLL e AzeFL bem conp seus extratos apresentaram sensihilidade relaiva a

el evadas te nperaturas, onde as preparacdes da flor perde ma atividade a 70° Cenquanto que
as prepacOes da fd ha perde mapenas apds 30 nmina 90 e 100°C

o Extratos de fd has e flares inbiramo cresci nent o de bactérias de i mportancia nédica
o AzelL e AzeFL atuaram conp agentes bacteriostéicos contra K pneumoniae e S.
sonneli, respectivanente.

o Gs extratos, AzelL e AzeFL ndo apresentaramacao inseticida contra operérics, nas

foramcapazes de pronover a norte de so dados de N corniger.



