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Resumo:

O cobre é um micronutriente que está presente naturalmente no solo, porém, em casos de desequilíbrio 
nos quais o solo apresenta elevadas concentrações de cobre, os efeitos sobre as diversas formas de vida 
seguem uma tendência negativa, causando poluição dos ecossistemas. Áreas de vitivinicultura e de 
mineração são potenciais propagadoras de cobre no solo, podendo ser precursoras de graves 
complicações à saúde dos seres humanos. O uso de microrganismos no tratamento de solos 
contaminados por metais pesados através da biorremediação, principalmente com bactérias, tem se 
destacado em relação a outros métodos tradicionais, uma vez que tais microrganismos apresentam maior 
resistência a esses metais, o que proporciona o seu crescimento e desenvolvimento em meios que contêm 
elevada concentração desses poluentes. Pelo exposto anteriormente, o presente trabalho tem como 
objetivo testar a resistência ao cobre de diferentes estirpes de bactérias fixadoras de nitrogênio, com 
intuito de utilizá-las, posteriormente, na biorremediação de solos contaminados com o metal. Foram 
utilizadas estirpes das bactérias Mesorhizobium loti (SEMIA 806), Sinorhizobium meliloti (SEMIA 134-
135) e de Bradyrhizobium spp. (SEMIA 5079-5080, SEMIA 6156-6158). As bactérias foram inoculadas 
em placas de Petri com meio Ágar Nutriente acrescido de 150, 200, 300 e 400 mg.L-1 de cobre 
(CuSO45H20) e incubadas à 30º C, por 96 h. Decorrido o período de incubação, a Bradyrhizobium 
japonicum, apresentou crescimento em todas as concentrações de cobre testadas, mostrando-se apta a ser 
testada como agente de biorremediação. Com o uso desta bactéria, poderemos ter a diminuição de metais 
pesados do solo, ao mesmo tempo em que ela auxilia na fixação do nitrogênio e no desenvolvimento das 
plantas simbióticas.
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2 FREUH p XP PLFURQXWULHQWH TXH HVWi SUHVHQWH QDWXUDOPHQWH QR VROR� SRUpP�� � � � � � � � � � � �

HP FDVRV GH GHVHTXLOtEULR QRV TXDLV R VROR DSUHVHQWD HOHYDGDV FRQFHQWUDo}HV GH� � � � � � � � � � � �
FREUH� RV HIHLWRV VREUH DV GLYHUVDV IRUPDV GH YLGD VHJXHP XPD WHQGrQFLD QHJDWLYD�� � � � � � � � � � � � �
FDXVDQGR SROXLomR GRV HFRVVLVWHPDV� ÈUHDV GH YLWLYLQLFXOWXUD H GH PLQHUDomR VmR� � � � � � � � � � �
SRWHQFLDLV SURSDJDGRUDV GH FREUH QR VROR� SRGHQGR VHU SUHFXUVRUDV GH JUDYHV� � � � � � � � � � �
FRPSOLFDo}HV j VD~GH GRV VHUHV KXPDQRV� $OpP GLVVR� Ki WDPEpP D SUREDELOLGDGH� � � � � � � � � � � �
GD FRQWDPLQDomR GH iUHDV DGMDFHQWHV� 1R HQWDQWR� SDUD SODQWDV� IXQJRV H EDFWpULDV�� � � � � � � � � � � �
DOWDV FRQFHQWUDo}HV GH FREUH SURPRYHP XPD SUHVVmR GH VHOHomR� PDQWHQGR� � � � � � � � � �
VRPHQWH RV RUJDQLVPRV UHVLVWHQWHV QHVVH ORFDO FRQWDPLQDGR� (VVD SUHVVmR GH� � � � � � � � � �
VHOHomR SRGH VHU XWLOL]DGD SDUD VHOHFLRQDU RUJDQLVPRV UHVLVWHQWHV j HVVDV� � � � � � � � � �
FRQGLo}HV H WHVWi�ORV SRVWHULRUPHQWH TXDQWR DR VHX SRWHQFLDO XVR SDUD D� � � � � � � � � � �
ELRUUHPHGLDomR ����$1'5($==$�����������

2 XVR GH PLFURUJDQLVPRV QR WUDWDPHQWR GH VRORV FRQWDPLQDGRV SRU PHWDLV� � � � � � � � � � �
SHVDGRV DWUDYpV GD ELRUUHPHGLDomR� SULQFLSDOPHQWH FRP EDFWpULDV� WHP VH� � � � � � � � �
GHVWDFDGR HP UHODomR D RXWURV PpWRGRV WUDGLFLRQDLV� XPD YH] TXH WDLV� � � � � � � � � � �
PLFURUJDQLVPRV DSUHVHQWDP PDLRU UHVLVWrQFLD D HVVHV PHWDLV� R TXH SURSRUFLRQD R� � � � � � � � � � �
VHX FUHVFLPHQWR H GHVHQYROYLPHQWR HP PHLRV TXH FRQWrP HOHYDGD FRQFHQWUDomR� � � � � � � � � �
GHVVHV SROXHQWHV� $V FpOXODV SURFDULyWLFDV SRVVXHP PHFDQLVPRV TXH SHUPLWHP D� � � � � � � � � �
KRPHRVWDVH GR FREUH� FRQIHULQGR PDLRU WROHUkQFLD VH H[SRVWDV D HOHYDGDV� � � � � � � � � �
FRQFHQWUDo}HV GR PHWDO QR PHLR� (VVDV EDFWpULDV TXH SRGHP GHVHQYROYHU YiULRV� � � � � � � � � � �
PHFDQLVPRV GH UHVLVWrQFLD GH GHWR[LILFDomR� SRGHP YLU D VHU ~WHLV TXDQGR WHVWDGDV� � � � � � � � � � � �
HP HVSpFLHV YHJHWDLV TXH FUHVFHP HP iUHDV FRQWDPLQDGDV FRP FREUH �5(,6� ������ � � � � � � � � � � �
$1'5($==$�����������

%DFWpULDV GR VROR� FRPR �5KL]RELXP H �%UDG\UKL]RELXP� VmR FRQKHFLGDV SRU� � � � � � � � � �
VXD DomR IL[DGRUD GH QLWURJrQLR QR VROR� DSyV D IRUPDomR GH QyGXORV HP UDt]HV GH� � � � � � � � � � � � � � �
SODQWDV OHJXPLQRVDV� �(VVD FDUDFWHUtVWLFD� SRU VXD YH]� DV WRUQD DOYRV GH LQWHUHVVH� � � � � � � � � � � �
SDUD H[SHULPHQWRV YLVDQGR D ELRUUHPHGLDomR GH VRORV FRQWDPLQDGRV FRP PHWDLV� � � � � � � � � �
SHVDGRV����HP ���DVVRFLDomR ���FRP ���D ���SURGXomR ���GH ���HVSpFLHV ���YHJHWDLV ����9,(,5$ ���HW���DO�����������

&RP EDVH QR H[SRVWR DFLPD� R SUHVHQWH WUDEDOKR WHP FRPR REMHWLYR WHVWDU D� � � � � � � � � � � � �
UHVLVWrQFLD DR FREUH GH GLIHUHQWHV HVWLUSHV GH EDFWpULDV IL[DGRUDV GH QLWURJrQLR� FRP� � � � � � � � � � � �
LQWXLWR GH XWLOL]i�ODV� SRVWHULRUPHQWH� QD ELRUUHPHGLDomR GH VRORV FRQWDPLQDGRV FRP� � � � � � � � � �
R ���PHWDO���



�
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$V HVWLUSHV GH EDFWpULDV IRUDP REWLGDV GR /DERUDWyULR GH 0LFURELRORJLD GD� � � � � � � � � � �
81,3$03$ � 6mR *DEULHO� )RUDP UHDOL]DGDV GLOXLo}HV VHULDGDV GDV DPRVWUDV GH� � � � � � � � � � �
WXUIDV �GH �0HVRUKL]RELXP ORWL �6(0,$ ����� �6LQRUKL]RELXP �PHOLORWL �6(0,$ ��������� � � � � � � � � �
H GH �%UDG\UKL]RELXP VSS� �6(0,$ ���������� 6(0,$ ����������� $V GLOXLo}HV� � � � � � � � � �
������ UHVSHFWLYDV GH FDGD EDFWpULD IRUDP LQRFXODGDV HP SODFDV GH 3HWUL FRP �PHLR� � � � � � � � � � � � �
ÈJDU 1XWULHQWH DFUHVFLGR GH ���� ���� ��� H ��� PJ�/ ��� GH FREUH �&X62�����+ ����� H� � � � � � � � � � � � � �
LQFXEDGDV j ��� &� SRU �� K� VHQGR REVHUYDGR R FUHVFLPHQWR EDFWHULDQR D FDGD ��� � � � � � � � � � � � � � �
K� 7RGDV DV DPRVWUDV IRUDP WHVWDGDV HP WULSOLFDWD� WHQGR PHLR VHP DGLomR GH FREUH� � � � � � � � � � � � � �
FRPR FRQWUROH SRVLWLYR SDUD FDGD XP GRV LVRODGRV� $ DYDOLDomR TXDOLWDWLYD GR� � � � � � � � � � � �
FUHVFLPHQWR GDV EDFWpULDV HP GLIHUHQWHV FRQFHQWUDo}HV GH FREUH IRL UHDOL]DGD SRU� � � � � � � � � � �
PHLR ���GH ���FRQWDJHP ���HP ���SODFD ����0$57(16621������������
� (VWLUSHV SHUWHQFHQWHV DR JrQHUR �%UDG\UKL]RELXP WHVWDGDV DQWHULRUPHQWH� � � � � � �
FUHVFHUDP HP XP PHLR QXWULWLYR DGLFLRQDGR GH �� PJ�/ ��� GH FREUH� LQGLFDQGR� � � � � � � � � � � �
SRVVtYHO ���WROHUkQFLD ���j ���PDLRUHV ���FRQFHQWUDo}HV ����0$768'$ ���HW���DO������������
�
�����5(68/7$'26���( ���',6&866­2�

9iULRV HVWXGRV Mi UHODWDUDP DV GLIHUHQoDV QD WROHUkQFLD D PHWDLV HQWUH RV� � � � � � � � � � � �
UL]yELRV �%25*(6 	 :2//80� ����� ����� .,1./( HW DO� ����� $1*/( HW DO�� � � � � � � � � � � � �
����� H D SRVVLELOLGDGH GLVVR HVWDU DVVRFLDGR j GHQVD FiSVXOD SROLVVDFDUtGLFD DR� � � � � � � � � � � �
UHGRU GDV FpOXODV� HVSHFLDOPHQWH GH �%UDG\UKL]RELXP �� TXH UHWpP RV PHWDLV�� � � � � � � � � �
LPSHGLQGR TXH VHMDP DEVRUYLGRV �$1*/( HW DO� ������ $OpP GLVVR� �%UDG\UKL]RELXP� � � � � � � � � � �
FDXVD UHDomR DOFDOLQD QR PHLR� R TXH SRGH UHGX]LU D VROXELOLGDGH H DWLYLGDGH GRV� � � � � � � � � � � � � �
PHWDLV �$/(;$1'(5� ������ 3RU WXGR LVVR� SRGH�VH LQIHULU TXH D PDLRU WROHUkQFLD� � � � � � � � � � � �
GH �%UDG\UKL]RELXP �� TXDQGR FRPSDUDGD DRV GHPDLV UL]yELRV � �5KL]RELXP�� � � � � � � �

0HVRUKL]RELXP �H 6LQRUKL]RELXP ��� SRGH VHU DWULEXtGD j SURGXomR GH (36 DVVRFLDGD� � � � � � � � � � �
j ���VXD ���FDSDFLGDGH ���GH ���DOFDOLQL]DU ���R ���PHLR��

&RQWUDULDQGR HVWXGRV DQWHULRUHV� RV TXDLV UHIHUHP�VH DR FUHVFLPHQWR GH� � � � � � � � �
%UDG\UKL]RELXP FRPR OHQWR �%25*(6 	 :2//80� ����� ����� .,1./( HW DO� ������ � � � � � � � � � � �
$1*/( HW DO� ������ D �%UDG\UKL]RELXP MDSRQLFXP�� HP GHFRUULGDV ��K GH LQFXEDomR�� � � � � � � � � � � �
Mi DSUHVHQWDYD FUHVFLPHQWR HP WRGDV DV FRQFHQWUDo}HV GH FREUH WHVWDGDV� ���� � � � � � � � � � �
PJ�/ ����� ��� PJ�/ ��� � ��� PJ�/ ��� H ��� PJ�/ ��� �7DEHOD ��� $R WpUPLQR GR SHUtRGR GH� � � � � � � � � � � � � � � �
LQFXEDomR H REVHUYDomR GR FUHVFLPHQWR� DSHQDV D 6(0,$ ��������� DSUHVHQWRX� � � � � � � � � �
UHVLVWrQFLD j WRGDV DV FRQFHQWUDo}HV GH FREUH �)LJXUD ��� HQTXDQWR DV GHPDLV QmR� � � � � � � � � � � � �
DSUHVHQWDUDP ���UHVLVWrQFLD ���D ���QHQKXPD ���GDV ���FRQFHQWUDo}HV���

'H DFRUGR FRP R PRVWUDGR DEDL[R� D 6(0,$ ���������� XWLOL]DGD� � � � � � � � � �
DPSODPHQWH HP ODYRXUDV GH VRMD� PRVWUD�VH DSWD D VHU WHVWDGD FRPR DJHQWH GH� � � � � � � � � � � � �
ELRUUHPHGLDomR���
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7DEHOD ��������&UHVFLPHQWR ���GDV ���HVWLUSHV ���GH ���UL]yELRV ���HP ���PHLR ���ÈJDU ���1XWULHQWH ���DGLFLRQDGR�
GH ���FREUH����j ������ ���&��
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)LJXUD �� &UHVFLPHQWR GD 6(0,$ ��������� � �%UDG\UKL]RELXP MDSRQLFXP �� HP PHLR� � � � � � � � � �
DGLFLRQDGR ���GH ������ ���PJ�/ ��������$�������� ���PJ�/ ��������%� ���H ������ ���PJ�/ ��������&� ���GH ���&X����DSyV ����� ���K��
�

6HJXQGR &HUH]LQL HW DO ������� GLIHUHQWHV HVWLUSHV GH �%UDG\UKL]RELXP� � � � � � � � �
DSUHVHQWDP GLIHUHQoDV TXDQWR j FRPSHWLWLYLGDGH H HILFLrQFLD GD )%1 VRE FRQGLo}HV� � � � � � � � � � �
DGYHUVDV� ,VWR RFRUUH GHYLGR j PXWDo}HV HVSRQWkQHDV QDV HVWLUSHV� TXH ID]HP FRP� � � � � � � � � � � �
TXH DSUHVHQWHP DOWHUDo}HV GH LPSRUWDQWHV FDUDFWHUtVWLFDV VLPELyWLFDV� FRPR� � � � � � � �
LQIHFWLYLGDGH����HILFLrQFLD ���H ���SRWHQFLDO ���GH ���FRPSHWLomR ����&$59$/+2���HW���DO�����������



8PD OLPLWDomR GR XVR GH PpWRGRV �LQ YLWUR p TXH DV FRQFHQWUDo}HV GRV tRQV� � � � � � � � � � � � � �
PHWiOLFRV OLYUHV H� FRQVHTXHQWHPHQWH� VXDV DWLYLGDGHV UHDLV� QmR VmR FRQKHFLGDV� � � � � � � � � �
�$1*/( 	 &+$1(<� ������ $OpP GLVVR� DOJXQV PHWDLV� FRPR &X� 3E H 1L� VmR�� � � � � � � � � � � � � �
JHUDOPHQWH� PHQRV Wy[LFRV TXDQGR FRPSOH[DGRV FRP FRPSRVWRV RUJkQLFRV GR TXH� � � � � � � � � �
HP IRUPD OLYUH �%$%,&+ 	 6727=.<� ����� ����� 0$768'$ HW DO� ������ SRU LVVR� � � � � � � � � � � � � �
ID]�VH ���QHFHVViULR ���WHVWHV ����LQ ���YLYR �����SDUD ���FRUURERUDU���WDLV ���UHVXOWDGRV��
�
�����&216,'(5$d®(6���),1$,6�

$ FDSDFLGDGH GH DVVRFLDomR VLPELyWLFD FRP SODQWDV OHJXPLQRVDV TXH RV� � � � � � � � � �
UL]yELRV SRVVXHP� SRGH VHU H[SORUDGD FRP ILQDOLGDGHV UHODFLRQDGDV j� � � � � � � � �
ELRUUHPHGLDomR� &RP R XVR GHVWDV EDFWpULDV� SRGHUHPRV WHU D GLPLQXLomR GH PHWDLV� � � � � � � � � � � �
SHVDGRV GR VROR� DR PHVPR WHPSR HP TXH HODV DX[LOLDP QD IL[DomR GR QLWURJrQLR H� � � � � � � � � � � � � � �
QR ���GHVHQYROYLPHQWR ���GDV ���SODQWDV ���VLPELyWLFDV���
�
�����5()(5Ç1&,$6���%,%/,2*5È),&$6�
$/(;$1'(5����0����,QWURGXFWLRQ ���WR ���VRLO ���PLFURELRORJ\����1HZ ���<RUN����-����:LOH\��������������� ���S��
�
$1'5($==$� 5� 3RWHQFLDO XVR GH EDFWpULDV H SODQWDV SDUD D UHPHGLDomR GH FREUH� � � � � � � � � � � � �
HP iUHDV GH YLWLYLQLFXOWXUD H GH UHMHLWR GH PLQHUDomR GH FREUH QR 5LR *UDQGH GR 6XO�� � � � � � � � � � � � � � � �
7HVH GH GRXWRUDGR� 8QLYHUVLGDGH )HGHUDO GR 5LR *UDQGH GR 6XO� 3RUWR $OHJUH�56�� � � � � � � � � � � �
�������
�
$1*/(� -� 6�� &+$1(<� 5� /� &DGPLXP UHVLVWDQFH VFUHHQLQJ LQ� � � � � � � � � �
QLWULORWULDFHWDWH�EXIIHUHG PLQLPDO PHGLD� $SSOLHG DQG (QYLURQPHQWDO 0LFURELRORJ\�� � � � � � �
:DVKLQJWRQ����Y����������Q���������S�����������������6HSW����������
�
%$%,&+� +�� 6727=.<� *� (QYLURQPHQWDO IDFWRUV WKDW LQIOXHQFH WKH WR[LFLW\ RI KHDY\� � � � � � � � � � � �
PHWDO DQG JDVHRXV SROOXWDQWV WR PLFURRUJDQLVPV� &5& &ULWLFDO 5HYLHZV LQ� � � � � � � � � �
0LFURELRORJ\����%RFD ���5DWRQ����Y���������S��������������������
�
%$%,&+� +�� 6727=.<� *� 1LFNHO WR[LFLW\ WR HVWXDULQH PDULQH IXQJL DQG DPHOLRUDWLRQ� � � � � � � � � � � �
E\ PDJQHVLXP LQ VHD ZDWHU� :DWHU $LU DQG 6RLO 3ROOXWLRQ� 'RUGUHFKW� Y� ��� Q� �� S�� � � � � � � � � � � � � � � �
�����������������
�
%25*(6� $�� :2//80� $� $ ILHOG VWXG\ RI D VRLO VR\EHDQ SODQW�5KL]RELXP V\VWHP� � � � � � � � � � � � �
DPHQGHG ZLWK FDGPLXP� -RXUQDO RI (QYLURQPHQWDO 4XDOLW\� 0DGLVRQ� Y� �� Q� �� S�� � � � � � � � � � � � �
�����������������
�
%25*(6� $�� :2//80� $� (IIHFW RI FDGPLXP RQ V\PELRWLF VR\EHDQ SODQWV� -RXUQDO� � � � � � � � � � � �
RI���(QYLURQPHQWDO ���4XDOLW\����0DGLVRQ����Y����������Q���������S���������������������
�



&$59$/+2� )� *� GH� 6(/%$&+� 3� $� %,=$552� 0� -� (ILFLrQFLD H� � � � � � � � � � � �
&RPSHWLWLYLGDGH GH YDULDQWHV HVSRQWkQHRV LVRODGRV GH HVWLUSHV GH �%UDG\UKL]RELXP� � � � � � � � �
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