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LACTOCOCCUS LACTIS
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#,37(6"1"O("%-)-3,6),(021*2&7(9%,()"#/2$(N,!N1&P3#20*(3-.-6)-@(N1-3&#.--
0-#2,(0)*#.,!-%(Q*J-0-@(,)Q"%+,@4( #%,.$%&(/(0&1-L)&+20,(Q"13")2-0*)&K(
3-.-6)&K( N1-!/%2,0( )*'6*#2,R"( 0&%-1&#2-0/M2$(3-.-6)-%&#.,( L*%2"1,@(
1-!/(Lactococcus7( #*3"(.*%2-%-%-0,(Q*J&()*'L,.$R(1-ON-0#M!S")),()*(
3-.-6)&K(%-3L,)*2*K(2*(P(N1&6&)-M(L,.$R-#2,()""Q"%2&0)&K(2"K)-.-J,6)&K(
N1-+"#,0(TGU4(V*%2-Q*J&(0&%.&%*M2$(O*J&L".$(O*%0*#-6)&K(3,%1--1J*),O-
3,07(W-(N1&O0-!&2$(!-(/N-0,.$)"))9(0&1-L)&+20*(N1-!/%+,@7(N-J,1R"))9(@@(
9%-#2,4(X-1/R"))9(N1-+"#,0(%&#.-3-.-6)-J-(L1-!,))9(3-S"(N1&O0"#2&()"(
2,.$%&(!-(O)&S"))9(9%-#2,(2*(021*2(#&1-0&)&7(*."('(!-(0&)&%)"))9(K*16--
0&K(-21/P)$7(*!S"(/()-13,(O*%0*#-6)*(3,%1-L,-2*(,)J,L/P(/3-0)-YN*2-J")),(
3,%1--1J*),O3&7(N1&#/2),(/(3-.-+,(TH7(CU4(Z*(#$-J-!),(,#)/M2$(1,O),(N,!K-!&7(
O*0!9%&(9%&3(3-S)*(O3")R&2&(1&O&%(Q*J-0-@(,)Q"%+,@A(1-2*+,9(#2*12"1-
)&K(%/.$2/17(0&%-1&#2*))9(J")"2&6)&K(3"2-!,0(!.9(OL,.$R"))9(Q*J-1"-
O&#2")2)-#2,(#2*12"1)&K(%/.$2/17(N193*(,)-%/.9+,9(#2*12"1,0(/(O*%1&2,(
Q"13")2"1&(2*(0&%-1&#2*))9(#"1"!-0&W(O(*)2&Q*J-0&3&(0.*#2&0-#293&(
!.9(OL"1,J*))9(,(1-O3)-S"))9(#2*12"1)&K(%/.$2/1(TGU4
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X-1Q,1&)&(00*S*M2$#9(-!)&3&(O(N"1#N"%2&0)&K(#N-./%(!.9(.,%/0*))9(
,)Q"%+,')&K(K0-1-L7(2*(R&1-%-(0&%-1&#2-0/M2$#9(/(N1-2&1*%-0,'(Q-2-!&-
)*3,6),'(2"1*N,@4(_"1*N,9(-#)-0*)*()*(0&%-1&#2*)),(Q-2-#")#&L,.,O*2-1,07(
9%,(N,#.9(*%2&0/0*))9(#0,2.-3(3-S/2$(0&%.&%*2&(1,O),(N-1/R"))9(#21/%-
2/1&(%.,2&)4(Z*(#$-J-!),R),'(!")$(N-%*O*)-7(W-(N-1Q,1&)&(N1-90.9M2$(
*)2&3,%1-L),(0.*#2&0-#2,(W-!-(N*2-J"))&K(2*(/3-0)-YN*2-J"))&K(L*%2"-
1,'()"(.&R"(N1&(Q-2-*%2&0*+,@7(*('(/(2"3)-0&K(/3-0*K(TEU4(a,(#N-./%&(
0&90.9M2$(2*%-S(*)2&0,1/#)&'("Q"%24(]&%-1&#2-0/0*2&(N-1Q,1&)&(9%(
*)2&0,1/#),(*J")2&(O*N1-N-)-0*)-7(N"1R(O*(0#"7(!.9(#2"1&.,O*+,@(%1-0,(
2*(@@(%-3N-)")2,0(THHU4( #2*)),3(6*#-3(N-%*O*)*(3-S.&0,#2$(,)J,L/0*))9(
+&3&(#N-./%*3&(Q,2-0,1/#)-@(,)Q"%+,@(in vitro(2*(in vivo(T<7(;U4(?(!"9%&K(
0&N*!%*K(!.9(0&06"))9(3"K*),O3,0(@K(!,@(9%(3-!"."'(0,1/#,0(L/.&(0&%--
1&#2*),(L*%2"1,-Q*J&(T:7(H:U4

5"2-M(+,P@(1-L-2&(L/.-(N"1"0,1&2&(O!*2),#2$()-0&K(#&)2"2&6)&K(N--
1Q,1&),0(N1&J),6/0*2&(,)Q"%+,'),#2$(.*%2-Q*J,04

F/4G3*/8H%4/%IG4'(H
b2*3(L*%2"1,@(Lactococcus lactis subsp. lactis(<=:(2*(.*%2-Q*J&(cC7(c<(

,(cHG(L/.&(-21&3*),(O(%-."%+,@(d,.-1/#$%-J-(!"1S*0)-J-(2"K)-.-J,6)-J-(
/),0"1#&2"2/4(^/.$2&0/0*))9(L*%2"1,'(N1-0-!&.&()*(#"1"!-0&W,(5HG(O(
!-!*0*))93(=7<e(J.M%-O&4

?(1-L-2,(0&06*.*#9(*)2&Q*J-0*(*%2&0),#2$(0,#3/2-0-J-(2*(-.-0f9)-J-(
%-3N."%#,0(K,)-.,),.N-1Q,1&),0(Dg`DhhhFY_iX(2*(jkDhlFY_iXF7(#&)2"O-0*)&K(
/(.*L-1*2-1,@(#&)2"O/()-0&K(.,%*1#$%&K(O*#-L,0( !"#$%-J-()*+,-)*.$)-J-(
/),0"1#&2"2/(,3"),(h4h4(5"6)&%-0*4(

X1&(0&06")),(N193-@(!,@(N-1Q,1&),0()*(L*%2"1,-Q*J&( @K( ,)%/L/0*.&(
1*O-3( N1-29J-3( :E( J-!&)4( X,#.9( +$-J-( L*%2"1,-Q*J&( 2&21/0*.&( O*(
#2*)!*12)&3(3"2-!-3(N-!0,')&K(*J*1-0&K(R*1,0(TH:U4(m)2&Q*J-0/(*%2&0YTH:U4(m)2&Q*J-0/(*%2&0-
),#2$(0&1*S*.&(/(0,!#-2%*K(2*(-L6&#.M0*.&(O*(Q-13/.-MA(
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k
(p(%,.$%,#2$()"J*2&0)&K(%-.-),'(/(!-#.,!,(2*(%-)21-.,7(0,!N-0,!)-4

8.9( 2-J-7( W-L( N"1"0,1&2&( 0.&0( N-1Q,1&),0( )*( 1-O0&2-%( Q*J-0-@(
,)Q"%+,@7( #/#N")O,M( L*%2"1,'( 2*( L*%2"1,-Q*J,0( -!)-6*#)-( !-!*0*.&( !-(
N-S&0)-J-( #"1-!-0&W*7( 9%"( 3,#2&.-( N-1Q,1&)&4( ^,)+"0,( %-)+")21*+,@(
L. lactis(2*(Q*J,0(#2*)-0&.&(HrH=3(%.s3.(2*(<rH=4(d? s3.7(0,!N-0,!)-4(8.9(
#N-#2"1"S"))9(O*(N"1"L,J-3()-13*.$)-@(,)Q"%+,@(L*%2"1,*.$)/(%/.$2/1/(
2*(Q*J&(!-!*0*.&(0(2&K(S"(%-)+")21*+,9K(!-(#"1"!-0&W*7(W-()"(3,#2&.-(
N-1Q,1&)&4(^-)21-."3(#./J/0*.&(N1-L,1%&(O(N-S&0)&3(#"1"!-0&W"37(!-(
9%-J-(!-!*0*.&(2,.$%&(L*%2"1,*.$)/(%/.$2/1/4(X,#.9(:E(J-!&)(,)%/L*+,@(
0&3,1M0*.&(-N2&6)/(J/#2&)/(#"1"!-0&W*(2*(N-1,0)M0*.&(,)2")#&0),#2$(
1-#2/(L*%2"1,@(0(!-#.,!,(2*(%-)21-.,4(

t( 3"2-M( 0&06"))9( 0N.&0/( N-1Q,1&),0( )*( *!#-1L+,M( .*%2-Q*J,0(
!-( N-S&0)-J-( #"1"!-0&W*7(W-( 3,#2&.-( 1,O),( %-)+")21*+,@( N-1Q,1&),07(
!-!*0*.&(L*%2"1,*.$)/(%/.$2/1/(,(L*%2"1,-Q*J(2*(,)%/L/0*.&(H=(K0(N1&(
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30  \4(^-)21-.$),(N1-L,1%&(3,#2&.&(#"1"!-0&W"(L"O(N-1Q,1&),04(X,#.9(
O*%,)6"))9(6*#/( ,)%/L*+,@(!.9(O/N&)%&(N1-+"#/(*!#-1L+,@(Q*J*(<=(3%.(
#/3,R,(!-!*0*.&(!-(E7<(3.(-K-.-!S")-J-(Q,O,-.-J,6)-J-(1-O6&)/7(N,#.9(6-J-(
N,!!*0*.&()&O$%-R0&!%,#)-3/(+")21&Q/J/0*))M(D<===(-LsK0F(N1-29J-3(
<(K04(I*J&(0()*!-#*!,(2&21/0*.&(O*(3"2-!-3(N-!0,')&K(*J*1-0&K(R*1,04(
\2/N,)$(*!#-1L+,@(0&O)*6*.&(/(0,!#-2%*K(*!#-1L-0*)&K(Q*J,0(/(!-#.,!,(
0,!)-#)-(%-)21-.M(O*(Q-13/.-MA(

m(o(DH(p(_
O
/Ò

N
) · 100 %, 

äå Ò
O
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N
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?G)K8-4/4H%4/%LM%'NO':'3G++P
Z*(N-6*2%/(!-#.,!S")$(Of9#/0*.&(0N.&0(N-1Q,1&),0()*(#*3/(%/.$2/1/(

L. lactis(2*(0&O)*6&.&(%-)+")21*+,@(#N-./%7(W-()"(N1&J),6/M2$(1,#2(L*%2"1,'4(
_*%&3&(%-)+")21*+,93&(!.9(0,#3/2-0-J-(%-3N."%#/(K,)-.,),.N-1Q,1&)/(
0&90&.&#9(=7H(3%57(H(3%57(H=(3%57(:=(3%57(E=(3%57(*(!.9(-.-0f9)-J-(
%-3N."%#/(K,)-.,),.N-1Q,1&)/(p(=7H(3%57(H(3%57(H=(3%57(:=(3%54

_*L.&+9
"/.'9HQG++P%N*'I/,H%L. lactis subsp. lactis%RST%K%93H,K4+',4*%8/.4'U/O*:%4/%

9'3U*3H+*:%VWX
RYS
%Z S[\]

 Table
L. lactis subsp. lactis%RST%^*_`abb%*c%defbfcgf%_h%iagj_dkalfb%acm%d_edkne*cb%

VWX
RYS
%Z S[\]%

2'+oG+43/o*P%
M*+'8*+*89'3U*3H+K0%I.F

=/.4'U/O

p\ pR p !

g`DhhhFY_iX

0,1 HCyG(z(H>G ECH(z(y: C:E(z(Ey

1 H<;G(z(:HG >G=(z(HE< G<;(z(HHC

10 :E=<(z(>H{ :HG=(z(G:{ :C:C(z(E>{

20 :E:=(z(<<{ :C:<(z(G:{ :E<C(z(<C{

40 :<E=(z(H=:{ :EH>(z(y:{ :Ey>(z(E={

jkDhlFY_iX

0,1 yE=(z(H>y C<H(z(:< :yG(z(Cy

1 H=G=(z(:=; <Ey(z(HC< ;G;(z(H;y

10 H<C=(z(H;={ HH;;(z(HGH{ H:yy(z(HyG{

20 H=EG(z(H=H{ HH:y(z(:E={ H===(z(HC<{

^B EH>(z(<< CG=(z(:> CHC(z(:;

Ê- :C>=(z(G; Hyy>(z(;E :C>H(z(Ey

X1&3,2%*A( ^B( p( L*%2"1,9( B( Q*J( /( #"1"!-0&W,( L"O( N-1Q,1&),07( ^-( p( L*%2"1,9( /(
#"1"!-0&W,(L"O(N-1Q,1&),0(2*(Q*J,07({(p(1,O)&+9(!-#2-0,1)*(/(N-1,0)9)),(O(%-)21-."3
Note: ÊB(p(|}~���`��(B(��}��(`k(���`��(�`�����(�������`k�7(^-(p(|}~���`��(`k(��-
�`��(�`�����(�������`k�(}k�(��}���7({p(�`�k`�`~}k�(�`�����k�(����(���(~�k����
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8-#.,!S"))9(0N.&0/(N-1Q,1&),0()*(1-O0&2-%(.*%2-Q*J-0-@(,)Q"%+,@(
/(1,!%-3/(#"1"!-0&W,(N-%*O*.-7(W-(-L&!0,(#N-./%&(O!*2),(/(2-3/(6&(,)-
R-3/(#2/N"),(#21&3/0*2&(*L-(O-0#,3(N"1"R%-!S*2&(.,O&#/(L*%2"1,*.$)-@(
%/.$2/1&4(

Z*%-N&6"))9( L,-3*#&( .*%2-%-%/( /( N1&#/2)-#2,( .*%2-Q*J,0( )"(
N"1"0&W/0*.-( :=e( 0,!( %-)21-.M( D2*L.4F4( X1&#/2),#2$( /( #"1"!-0&W,(
!-#.,!S/0*)&K(#N-./%(/(%-)+")21*+,@(=7H(3%5(3*'S"(),9%()"(O3,)M0*.*(
+"'(N-%*O)&%7( 2-!,( 9%()*%-N&6"))9(L,-3*#&(L*%2"1,@( N1&(%-)+")21*+,@(
H( 3%5( L/.-( /( :pC( 1*O&( 0&W&37( ),S( /( %-)21-.,( O( Q*J-34( Z*'L,.$R(
"Q"%2&0)-M(#N-./%-M(0&90&0#9(0,#3/2-0&'(%-3N."%#(K,)-.,),.N-1Q,1&)/7(
N1&#/2),#2$(9%-J-(/( #"1"!-0&W,(/(%-)+")21*+,9K(H=(3%57(:=(3%5(2*(
E=(3%5(N-0),#2M(O/N&)9.*(1-O0&2-%(Q*J-0-@(,)Q"%+,@4(?(N1&#/2)-#2,(H=(2*(
:=(3%5(-.-0f9)-J-(%-3N."%#/(K,)-.,),.N-1Q,1&)/(%-)+")21*+,9(L*%2"1,'(
L/.*(/(CpE(1*O&(0&W-M(),S(/(%-)21-.,(O(Q*J-34

]&O)*6"))9(N193-@(!,@(N-1Q,1&),0()*(.*%2-Q*J&(N-%*O*.-7(W-(L,.$R(
*%2&0)&3(P(0,#3/2-0&'(%-3N."%#(K,)-.,),.N-1Q,1&)/4(_*%7(N1&#/2),#2$(
+,P@(#N-./%&(/(%-)+")21*+,@(H=(3%5(O3")R/P(.,2&6)/(*%2&0),#2$(.*%2--
Q*J,0()*(CCpE:e7(/(%-)+")21*+,@(:=(3%5(p()*(E:p;He(2*(E=(3%5(p()*(
<;p;Ee4(h)R,(%-)+")21*+,@(+$-J-(N-1Q,1&)/(N1&J),6/0*.&(,)Q"%+,'),#2$(
Q*J,0()*(HEp:Ee(D1&#4(HF4

m)2&Q*J-0*(*%2&0),#2$(-.-0f9)-J-(%-3N."%#/(0(/#,K(!-#.,!S/0*)&K(
%-)+")21*+,9K(L/.*(3*'S"()*(-!)-3/(1,0),(2*(#%.*!*.*(:Hp:ye4(

t0*S*M6&()*(-21&3*),(!*),7(W-(#0,!6*2$(N1-()*90),#2$(/(!-#.,!S/-
0*)&K(#N-./%(*)2&0,1/#)-J-("Q"%2/7(L/.-(!-+,.$)-(N"1"0,1&2&(O!*2),#2$(
!*)&K(1"6-0&)(0N.&0*2&()*(N-6*2%-0,(#2*!,@(,)Q"%+,@7(*(#*3"(p()*(N1-+"#(
*!#-1L+,@4(cQ"%2(,)J,L/0*))9(+$-J-(N1-+"#/(#N-./%*3&(3-S"(0%*O/0*2&(
)*( L.-%/0*))9( N"0)&K( #21/%2/1)&K( !,.9)-%(Q*J*7(W-( 0,!N-0,!*M2$( O*(
*!#-1L+,M4

x"O/.$2*2&( !-#.,!S"))9( N-%*O*.&7(W-( -.-0f9)&'( %-3N."%#( K,)-.,-
),.N-1Q,1&)/( )"( ,)J,L/0*0( N1-+"#( *!#-1L+,@(Q*J*(cC( )*(L. lactis7( *."(
J*.$3/0*0(+"'(N1-+"#(/(Q*J*(c<()*(ypCCe7(*(/(Q*J*(cHG(p()*(<pHCe(
D1&#4(:F4(

],#3/2-0&'(%-3N."%#(O)&S/0*0(0,!#-2-%(*!#-1L+,@(Q*J*(c<()*(CCe(/(
)*'L,.$R,'(%-)+")21*+,@(2*()*(ypHGe(/(,)R&K(%-)+")21*+,9K4

8.9(Q*J,0(cC(2*(cHG("Q"%2&0)-M(0&90&.*#9(2,.$%&(%-)+")21*+,9(+,P@(
#N-./%&(/(E=(3%57(9%*(O*21&3/0*.*(N1-+"#(*!#-1L+,@()*(HEe(2*(C;e7(
0,!N-0,!)-(D1&#4(:F4

 2S"7(1"O/.$2*2&(!-#.,!S")$(N-%*O*.&7(W-(!-#.,!S/0*),(#N-./%&(
)"( 3*M2$( O)*6)-J-( 0N.&0/( )*( N1-+"#( *!#-1L+,@( .*%2-Q*J,04(5-S.&-
0-7( !-!*2%-0-M(3,R"))M(!,@( N-1Q,1&),0( 0&#2/N*P(8Z^(L*%2"1,-Q*J*4(
8-#.,!S"))9(�~�`��`k( et al4( #0,!6*2$( N1-( 2"7(W-( N-1Q,1&)&( 3-S/2$(
O0f9O/0*2&#9(OO-0),(*L-(,)2"1%*.M0*2&(/(8Z^(/(O*."S)-#2,(0,!(N1&1--
!&(8Z^(#/L#21*2/(TH=U4(
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Fig. 2. Lactophage adsorption on the L. lactis cells in presence of studied 
porphyrin
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TIN COMPLEXES ON LACTOCOCCUS LACTIS PHAGES 
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Summary

hk����k~�(��(¢�`k��`k`��������`k(|`�����(}k�(�`k(~��������(�k(�}~����}���(
E3, E5 and E17 activity and phage infection process in L. lactis has been 
studied. The results of investigation show that bismuth quinolinilporphyrin 
~������(�����k~�(`k(���(k���`�k�(���`��(}�(H=(mM, 20 mM and 40 mM 
concentrations completely inhibits phage infection process. Determination of 
direct influence of this compound on the lactophage shows that reduction of 
 !"#$%"&'()('*%+$"&!,%- %./01%23'( !"#$%"&'()('*%45%'(3%&46 7$8%(,%$9-"7%'4%
:;<:=01%>4'!%&46 4-3?,%!")$%34%,(#3(5(&"3'%(357-$3&$%43%'!$%7"&'4 !"#$%
adsorption process. Inhibition of phage adsorption by the compounds does 
34'%$8&$$?%@.01
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