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We investigated cytotoxic activity of antimicrobial pep-
tides of di!erent origin (both naturally occurring and 
synthetic), structure and known mechanisms of action 
against human histiocytic lymphoma cell line U937. The 
strongest cytotoxic activity against U937 cell line was 
shown by Pexiganan MSI-78, followed by Citropin 1.1, 
Protegrin 1 and a synthetic lipopeptide, N-α-palmitoyl-
L-lysyl-L-lysine amide (Pal-Lys-Lys-NH2). The cytotoxic ac-
tivity of the peptides was more dependent on the time 
of incubation than concentration. Only for the lipopep-
tide, whose mode of action was restricted to disruption 
of electric potential of the cell membrane, the correla-
tion between cytotoxicity and concentration was almost 
linear. The high cytotoxicity of Pexiganan MSI-78, Prote-
grin 1 and the lipopeptide could be basically explained 
by their membranolytic activity leading to necrosis. 
However, in the case of Citropin 1.1, the cell membrane 
integrity was disrupted only slightly and independently 
of the peptide concentration. Therefore, some other 
mechanism of action might be responsible for its strong 
dose-dependent cytotoxic activity, e.g., membranolytic 
activity leading to apoptosis. Furthermore, TNF-α pro-
duction due to LPS (lipopolysaccharide) stimulation was 
suppressed by the presence of Citropin 1.1, Pexiganan 
MSI-78 or Protegrin 1, but not by Buforin 2 or the li-
popeptide. Our experiments have shown that cytotoxic 
activity is not limited to some speci#c molecular struc-
ture of a peptide, but rather to the length of the peptide 
chain as it is likely to a!ect the e$ciency of the tumor 
cell membrane disruption and interaction with LPS. 

Keywords: U937 cells, antimicrobial peptides, lipopeptide

Received: 25 August, 2010; 28 December, 2010; accepted: 
24 January, 2011; available on-line: 14 March, 2011

INTRODUCTION

$QWLPLFURELDO� SHSWLGHV� �$03V�� FRQVWLWXWH� DQ� HYROX�
WLRQDULO\� FRQVHUYHG� SDUW� RI� WKH� LQQDWH� LPPXQH� GHIHQVH�
PHFKDQLVP� IRXQG� LQ� D� ZLGH� UDQJH� RI� SURNDU\RWLF� DQG�
HXNDU\RWLF� RUJDQLVPV�� 7KH\� DUH� DFWLYH� DJDLQVW� EDFWHULD��
IXQJL�� YLUXVHV� DQG� DOVR� WDNH� SDUW� LQ� DQWL�WXPRU� UHVSRQVH�
PDNLQJ� WKHP� SURPLVLQJ� FDQGLGDWHV� IRU� WKHUDSHXWLF� XVH�
�/HKUHU� 	� *DQ]�� ������ 5HGG\� HW� DO��� ������ 'XELQ� HW� DO���
�������2YHU� ����� $03V� KDYH� DOUHDG\� EHHQ� LVRODWHG� DQG�
FKDUDFWHUL]HG�DW�WKH�OHYHO�RI�WKHLU�SULPDU\�VWUXFWXUH��%XOHW�
HW� DO��� ������� 0RVW� RI� WKHVH� QDWXUDOO\� RFFXUULQJ� SHSWLGHV�
DUH� JHQHUDOO\� ���� WR� ���DPLQR� DFLG� ORQJ�� KDYH� FDWLRQLF�
SURSHUWLHV�� PHDQLQJ� WKDW� WKH\� KDYH� DQ� RYHUDOO� SRVLWLYH�

QHW� FKDUJH� DW� SK\VLRORJLFDO� S+�� DQG� IROG� LQWR� D� YDULHW\�
RI� GLIIHUHQW� VWUXFWXUHV�� LQFOXGLQJ� ơ�KHOLFHV�� E�VKHHWV�� H[�
WHQGHG� KHOLFHV�� KDLUSLQV� DQG� ORRSV�� 7KH\� FDQ� DOVR� DGRSW�
DQ� DPSKLSDWKLF� VWUXFWXUH� ZLWK� D� K\GURSKRELF� DQG� D� K\�
GURSKLOLF� VLGH� �%XOHW� HW�DO����������

7KHLU� JHQHUDO�PRGH� RI� DFWLRQ� LV� GLVUXSWLRQ� RI� WKH� FHOO�
PHPEUDQH�� LQ�ZKLFK� WKHLU� WHQGHQF\� WR� IRUP�DPSKLSDWKLF�
VWUXFWXUHV�LV�EHOLHYHG�WR�EH�SLYRWDO�E\�IDFLOLWDWLQJ�WKHLU� LQ�
WHUDFWLRQ�DQG�LQVHUWLRQ�LQWR�WKH�PHPEUDQH��2UHQ�	�6KDL��
������ &XGLF�� ������� $V� WKH\� DUH� JHQHUDOO\� FDWLRQLF�� WKH\�
FDQ� EH� GUDZQ� HOHFWURVWDWLFDOO\� WR� WKH� WDUJHW� PHPEUDQH�
DQG� DFFXPXODWH� RQ� WKH� VXUIDFH��:KHQ� D� FULWLFDO� FRQFHQ�
WUDWLRQ�RI�$03V� LV�UHDFKHG��VRPH�FRQIRUPDWLRQDO�FKDQJ�
HV�RFFXU� OHDGLQJ�PDLQO\� WR�WKH�IRUPDWLRQ�RI� LRQ�FKDQQHOV�
RU� DTXHRXV� SRUHV� DQG� UHVXOWLQJ� LQ� WKH� GHDWK� RI� WKH� FHOO�
WKURXJK� K\SRRVPRWLF� O\VLV� �6KDL�� ������� $OWKRXJK� PRVW�
RI� WKH�$03V� VHHP� WR� DFW�PDLQO\� DW� WKH�PHPEUDQH� OHYHO��
WKHLU� WUDQVORFDWLRQ� LQWR� WKH� F\WRSODVP� LV� QRW� XQFRPPRQ�
DQG� OHDGV� WR� LQWUDFHOOXODU� FKDQJHV� LQFOXGLQJ� LQKLELWLRQ� RI�
SURWHLQ� RU�'1$� V\QWKHVLV� �%RPDQ� HW� DO��� ������ 5HGG\� HW�
DO��� �������6RPH�$03V�� IRU� LQVWDQFH�%XIRULQ���� FDQ�HYHQ�
ODFN� WKH� DELOLW\� WR� GLVUXSW� FHOO� PHPEUDQH� DQG� LQVWHDG�
IRUP� QRQ�SHUPHDELOL]LQJ� SRUH�OLNH� VWUXFWXUHV� WKDW� DOORZ�
WUDQVORFDWLRQ� RI� WKH� SHSWLGH� LQWR� WKH� F\WRSODVP� ZLWKRXW�
FHOO� O\VLV� �3DUN� HW�DO���������.RED\DVKL� HW�DO����������
0RVW� $03V� KDYH� VRPH� OHYHO� RI� VHOHFWLYLW\� WRZDUGV�

VSHFLÀF� WDUJHW� FHOOV�� PDLQO\� WRZDUGV� SURNDU\RWLF� RQHV��
,W� LV� EDVHG� RQ� D� FRPSOH[� EODQFH� RI� PDQ\� GLIIHUHQW� ELR�
SK\VLFDO�SURSHUWLHV�RI�$03V�VXFK�DV�VHFRQGDU\�VWUXFWXUH��
RYHUDOO�FKDUJH�DQG�K\GURSKRELFLW\�DV�ZHOO�DV�PDQ\�GLIIHU�
HQW� ELRSK\VLFDO� SURSHUWLHV� RI� WKH� WDUJHW� FHOO� PHPEUDQHV��
VXFK� DV�� IRU� LQVWDQFH�� LWV� SKRVSKROLSLG� FRPSRVLWLRQ�� FXU�
YDWXUH� RU� WKH� SUHVHQFH� RI� FKROHVWHURO� �3ROR]RY� HW� DO���
������0DWVX]DNL� HW� DO��� ������ 6KDL�� ������:X� HW� DO��� ������
%UDGVKDZ�� ������� ,W� DOVR� OHDGV� WR� HQKDQFHG� VHQVLWLYLW\� RI�
WXPRU� FHOOV� WR� WKH� O\WLF� DFWLRQ� RI�$03V�� GXH� WR� WKH� GLI�
IHUHQFHV� LQ� FRPSRVLWLRQ� RI� WKH� FHOO� PHPEUDQH� EHWZHHQ�
WXPRU�DQG�QRUPDO�FHOOV�DQG�WKH�GLVWXUEHG�FHOO�PHPEUDQH�
DV\PPHWU\� LQ� WKH� IRUPHU�� 7KH� RXWHU� OHDÁHW� RI� WKH� FHOO�
PHPEUDQH� RI� WXPRU� FHOOV� FRQWDLQV� QHJDWLYHO\� FKDUJHG�
SKRVSKDWLG\OVHULQH� �36�� ��²���� RI� WKH� WRWDO� PHPEUDQH�
SKRVSKROLSLGV�� LQ� FRQWUDVW� WR� QRUPDO� FHOOV� LQ� ZKLFK� 36�
LV� ORFDOL]HG� H[FOXVLYHO\� WR� WKH� LQQHU� OHDÁHW� RI� WKH� PHP�
EUDQH� �8WVXJL� HW� DO��� ������� 7KH� QHJDWLYH� FKDUJH� RI� WKH�
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Abbreviations: AMPs, antimicrobial peptides; CTL, cytotoxic T lym-
phocyte; FBS, fetal bovine serum; LPS, lipopolysaccharide; Pal-Lys-
Lys-NH2, N-ơ-palmitoyl-L-lysyl-L-lysine amide; TNF-ơ, tumor necrosis 
factor-alpha
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WXPRU� FHOO� PHPEUDQH� LV� DOVR� LQFUHDVHG� E\� KLJKHU� OHYHOV�
RI� 2�JO\FRV\ODWHG� PXFLQV� �&DUUDZD\� HW� DO��� ������� 7KH�
UHVXOWLQJ� KLJKHU� QHJDWLYH� QHW� FKDUJH� RI� WKH� FHOO� VXUIDFH�
RI� WXPRU� FHOOV� FRPSDUHG� WR� QRUPDO� FHOOV� FRQWULEXWHV� WR�
WKH� VHOHFWLYH� O\WLF� DFWLYLW\� RI� DQWLPLFURELDO� SHSWLGHV�� )RU�
LQVWDQFH�� FHFURSLQV� DQG�PDJDLQLQV� NLOO� QHRSODVWLF� FHOOV� DW�
FRQFHQWUDWLRQV� ORZHU� WKDQ� WKRVH� UHTXLUHG� WR� O\VH� QRUPDO�
FHOOV� VXFK� DV� SHULSKHUDO� EORRG� O\PSKRF\WHV� �&UXFLDQL� HW�
DO��� ������0RRUH� HW� DO��� �������$03V�FDQ�DOVR� IXQFWLRQ�DV�
PHGLDWRUV� RI� LQÁDPPDWLRQ� DV� WKH\� FDQ� DIIHFW� HSLWKHOLDO�
DQG� LPPXQH� FHOOV� PRGXODWLQJ�� H�J��� SUROLIHUDWLRQ�� DQJLR�
JHQHVLV��F\WRNLQH�UHOHDVH��DQG�FKHPRWD[LV� �%HLVVZHQJHU�	�
%DOV�� ������ E\� ELQGLQJ� WR� FHOOXODU� UHFHSWRUV� DW� ORZ� FRQ�
FHQWUDWLRQV� DQG� DFWLYDWLQJ� VLJQDOOLQJ� SDWKZD\V� �.RF]XOOD�
	�%DOV���������

,Q�WKLV�SXEOLFDWLRQ��ZH�SUHVHQW�D�VWXG\�RQ�WKH�F\WRWR[�
LF�DFWLYLW\�RI�D�YDULHW\�RI�DQWLPLFURELDO�SHSWLGHV�RI�GLIIHU�
HQW�RULJLQ��VWUXFWXUH�DQG�NQRZQ�PHFKDQLVPV�RI�DFWLRQ�DV�
VKRZQ� LQ� 7DEOH� �� DJDLQVW� RQH� WXPRU� FHOO� OLQH�³� D� KX�
PDQ�KLVWLRF\WLF� O\PSKRPD�FHOO� OLQH�8�����:H�DOVR� LQYHV�
WLJDWHG� WKH� DQWLWXPRU� DFWLYLW\� RI� D� V\QWKHWLF� OLSRSHSWLGH�
1�ơ�SDOPLWR\O�/�O\V\O�/�O\VLQH� DPLGH� �3DO�/\V�/\V�1+���
�.DP\V]� HW� DO��� ������� $V� LWV� FDUULHV� RQO\� RQH� IDWW\� DFLG�
UHVLGXH�� LW� H[KLELWV� D� UHGXFHG�PLWRJHQLFLW\� �%HVVOHU� HW� DO���
������� ,WV�GLUHFW� DFWLYLW\�DJDLQVW� WXPRU�FHOOV� WKURXJK�VLP�
SOH�GLVUXSWLRQ�RI�WKH�PHPEUDQH�HOHFWULF�SRWHQWLDO� �(SDQG�
HW� DO��� ������ $YUDKDPL� 	� 6KDL�� ������ ZDV� DQDO\]HG� DQG�
XVHG� IRU� FRPSDULVRQ� ZLWK� D� SRVVLEO\� PRUH� FRPSOLFDWHG�
PHFKDQLVP� RI� DFWLRQ� RI� WKH� RWKHU� SHSWLGHV� DQDO\]HG��
6XFK� DQ� DSSURDFK� VKRXOG� DOORZ� DQ� DQDO\VLV� RI� WKH� OHYHO�
RI�GHSHQGHQFH�EHWZHHQ�WKH�F\WRWR[LF�DFWLYLW\�RI�WKH�DQWL�
PLFURELDO�SHSWLGHV�DQG� WKHLU� VWUXFWXUH��

MATERIALS AND METHODS

&HOO� OLQHV� DQG� SHSWLGHV�� 7KH� KXPDQ� P\HORLG� OHX�
NHPLD� FHOO� OLQH� 8���� FHOOV� ZHUH� FXOWLYDWHG� ORQJ�WHUP� DV�
D� VXVSHQVLRQ� FHOO� FXOWXUH� LQ� 530,����� PHGLXP� VXS�
SOHPHQWHG� ZLWK� ����� )&6� �*LEFR�� *DLWKHVEXUJ�� 0'��
86$��� ��P0� VRGLXP� S\UXYDWH�� ����8�PO� SHQLFLOOLQ� DQG�
���� ƬJ�PO� VWUHSWRP\FLQ�� 71)�ơ�VHQVLWLYH� PRXVH� $�� À�
EUREODVWLF� FHOO� OLQH� �:DOODFK�� ������ FHOOV� ZHUH� FXOWLYDWHG�
ORQJ�WHUP� LQ� 'XOEHFFR·V� PRGLÀHG� (DJOH·V� PHGLXP� VXS�
SOHPHQWHG� ZLWK� ����� )&6� �*LEFR�� *DLWKHVEXUJ�� 0'��
86$��� ���� 8�PO� SHQLFLOOLQ�� ���� ƬJ�PO� VWUHSWRP\FLQ�
DQG� �� P0� /�JOXWDPLQH�� %RWK� FHOO� OLQHV� ZHUH� FXOWLYDWHG�
DW�����&� LQ�D�KXPLGLÀHG�DWPRVSKHUH�FRQWDLQLQJ�����&2��
DQG�VSOLW�����HYHU\���GD\V�
7KH� SHSWLGHV� LQFOXGHG� LQ� WKLV� VWXG\� ZHUH� V\QWKHVL]HG�

PDQXDOO\� LQ� D� PLFURZDYH� UHDFWRU� E\� WKH� VROLG�SKDVH�
PHWKRG� XVLQJ� WKH� ��ÁXRUHQ\OPHWKR[\FDUERQ\O� FKHPLVWU\�
�)PRF�� �)LHOGV�� ������� 7KH� FRPSOHWHQHVV� RI� HDFK� FRX�
SOLQJ� UHDFWLRQ� ZDV� PRQLWRUHG� E\� WKH� FKORUDQLO� WHVW�� 7KH�
SHSWLGHV� ZHUH� FOHDYHG� IURP� WKH� VROLG� VXSSRUW� ZLWK� WULI�
OXRURDFHWLF� DFLG� �7)$�� LQ� WKH� SUHVHQFH� RI� ZDWHU� ���������
DQG� WULLVRSURS\OVLODQH� �������� DV� VFDYHQJHUV�� 7KH� FOHDYHG�
SHSWLGHV� ZHUH� SUHFLSLWDWHG� ZLWK� GLHWK\O� HWKHU� DQG� WKH�
F\VWHLQH�FRQWDLQLQJ� RQHV� ZHUH� R[LGL]HG� ZLWK� ���� 0� LR�
GLQH� LQ� PHWKDQRO�� 7KH� SHSWLGHV� ZHUH� SXULÀHG� E\� KLJK�
SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� �+3/&��� 7KH� FUXGH�
OLSRSHSWLGH� ZDV� SXULÀHG� E\� VROLG�SKDVH� H[WUDFWLRQ� E\� D�
SUHYLRXVO\� GHVFULEHG� SURWRFRO� �.DP\V]� HW� DO��� ������� 7KH�
UHVXOWLQJ� IUDFWLRQV� RI� SXULW\� JUHDWHU� WKDQ� �����ZHUH� YHUL�
ÀHG� E\� +3/&� RU� WKLQ�OD\HU� FKURPDWRJUDSK\� �7/&�� IRU�
WKH� OLSRSHSWLGH�� 7KH� SHSWLGHV� ZHUH� DOVR� DQDO\]HG� E\�
PDWUL[�DVVLVWHG� ODVHU� GHVRUSWLRQ� LRQL]DWLRQ�WLPH� RI� ÁLJKW�
PDVV�VSHFWURPHWU\� �0$/',�72)�06��

In vitro� F\WRWR[LFLW\� DVVD\�� 8���� FHOOV� ZHUH� FXO�
WXUHG� LQ� ���ZHOO� SODWHV� DW� D� GHQVLW\� RI� �ï���� FHOOV� �IRU�
WKH� ��K� DVVD\�� RU� ��ï����� FHOOV� �IRU� WKH� ���K� DVVD\�� SHU�
ZHOO�ZLWK�VHULDO�GLOXWLRQV�RI�$03V� LQ�����PO�RI�FRPSOHWH�
530,����� PHGLXP� ZLWK� ���� )%6� DQG� �� P0� S\UXYDWH��
&HOO� YLDELOLW\� ZDV� PHDVXUHG� ZLWK� WKH� ��>����GLPHWK\OWKL�
D]RO���\O@�����GLSKHQ\OWHWUD]ROLXP� EURPLGH� �077�� DVVD\�
�0RVPDQQ�� ������� 7KH� RSWLFDO� GHQVLW\� RI� ZHOOV� FRQWDLQ�
LQJ� FHOOV� FXOWXUHG� ZLWKRXW� $03V� ZDV� DVVXPHG� WR� UHSUH�
VHQW�������FHOO�YLDELOLW\��
'HWHUPLQDWLRQ� RI� 71)�ơ� FRQFHQWUDWLRQ� LQ� FHOO�

FXOWXUH� VXSHUQDWDQWV�� 8���� FHOOV� ZHUH� FXOWXUHG� LQ�
���ZHOO� SODWHV� DW� D� GHQVLW\� RI� ����ï����� FHOOV� SHU� ZHOO�
ZLWK� FKRVHQ� GLOXWLRQV� RI� $03V� LQ� ����� PO� RI� FRP�
SOHWH� 530,����� PHGLXP� ZLWK� ���� )%6� DQG� �� P0�
S\UXYDWH��:KHQ� DGGLWLRQDO� VWLPXODWLRQ� RI� 71)�ơ� SUR�
GXFWLRQ�ZDV�QHHGHG��30$�DQG�/36�DW�ÀQDO� FRQFHQWUD�
WLRQV� RI� ���� QJ�PO� HDFK�ZHUH� DGGHG��&HOOV�ZHUH� LQFX�
EDWHG� DW� ����&� LQ� ���� &2�� IRU� �� K�� $IWHU� LQFXEDWLRQ�
VXSHUQDWDQWV�ZHUH�FROOHFWHG�DQG�)%6�ZDV�DGGHG� WR� WKH�
ÀQDO� FRQFHQWUDWLRQ�RI� ������
7KH� 71)�ơ� FRQFHQWUDWLRQ� ZDV� PHDVXUHG� E\� D� VWDQG�

DUG� F\WRWR[LF� DVVD\� FRXSOHG� ZLWK� WKH� QHXWUDO� UHG� XSWDNH�
DVVD\� XVLQJ� 71)�ơ�VHQVLWLYH� PRXVH� $�� ÀEUREODVWLF� FHOO�
OLQH� �:DOODFK�� ������� $�� FHOOV� ZHUH� LQFXEDWHG� IRU� ��� K�
ZLWK� WKH� DQDO\]HG� FHOO� FXOWXUH� VXSHUQDWDQWV� DW� D� GLOXWLRQ�
RI����� LQ�FXOWXUH�PHGLXP�ZLWK�DGGLWLRQ�RI� F\FORKH[LPLGH�
�&+;�� ������ PJ�PO��� 7KH� RSWLFDO� GHQVLW\� RI� WKH� ZHOOV�
FRQWDLQLQJ� FHOOV� QRW� WUHDWHG� ZLWK� WKH� VXSHUQDWDQW� EXW�
WUHDWHG� ZLWK� &+;� ZDV� DVVXPHG� WR� UHSUHVHQW� ������ FHOO�
YLDELOLW\�
7U\SDQ� EOXH� XSWDNH� DVVD\��&HOO� PHPEUDQH� LQWHJULW\�

RI�8���� FHOOV� WUHDWHG�ZLWK�$03V� REWDLQHG� IURP� WKH� ��K�
DVVD\� �DV� DERYH��ZDV�DQDO\]HG�XVLQJ� WU\SDQ�EOXH��3HOOHWHG�
FHOOV� ZHUH� VXVSHQGHG� LQ� ���� ƬO� RI� 503,� PHGLXP� DQG�
��� ƬO� RI� FHOO� VXVSHQVLRQ� ZDV� PL[HG� ZLWK� HTXDO� YROXPH�
RI� WKH� WU\SDQ� EOXH� VROXWLRQ� ������� LQ� 3%6�� 6LJPD��� $I�
WHU� �� PLQ� RI� LQFXEDWLRQ� DW� URRP� WHPSHUDWXUH�� WKH� FHOOV�
ZHUH� FRXQWHG� LQ� D� 1HXEDXHU� ,PSURYHG� KHPRF\WRPHWHU��
7KH� SHUFHQWDJH� RI� FHOOV� QRW� VWDLQHG� EOXH�� WKDW� LV�ZLWK� DQ�
LQWDFW� FHOO� PHPEUDQH�� ZDV� FDOFXODWHG�� $V� D� FRQWURO�� FHOOV�
QRW� WUHDWHG�ZLWK�$03V�ZHUH�XVHG��
6WDWLVWLFDO� DQDO\VLV�� 6WDWLVWLFDO� DQDO\VLV� IRU� WKH� LQ� YLWUR�

DVVD\V�ZDV�SHUIRUPHG�XVLQJ� WKH�0DQQ²:KLWQH\�8�WHVW�

RESULTS

The e!ect of AMPs on tumor cell line U937 viability 
in vitro

7KH� F\WRWR[LF� HIIHFW� RI� WKH� FKRVHQ� $03V� ZDV� DQD�
O\]HG�RQ�WKH�KXPDQ�KLVWLRF\WLF� O\PSKRPD�FHOO� OLQH�8�����
D� IUHTXHQWO\� XVHG� PRGHO� LQ� VWXGLHV� RI� 71)�ơ�PHGLDWHG�
F\WRWR[LFLW\� �6XQGVWURP� 	� 1LOVVRQ�� ������� $OO� WKH� SHS�
WLGHV�� ZLWK� WKH� H[FHSWLRQ� RI� %XIRULQ� ��� ZHUH� KLJKO\� F\�
WRWR[LF�ZKHQ� LQFXEDWHG�ZLWK� WXPRU� FHOOV� IRU� ��� K��$IWHU�
VXFK�D� ORQJ� LQFXEDWLRQ�SHULRG�ZLWK� WKH�$03V·�DW����ƬJ�
PO�� WKH� FHOO� YLDELOLW\� ZDV� DURXQG� ���� RQO\�� ZLWK� QR� YLV�
LEOH� GLIIHUHQFHV� DPRQJ� WKH� SHSWLGHV�� $� GHFUHDVH� RI� WKH�
$03V·� FRQFHQWUDWLRQ� WR� ���� ƬJ�PO� GLG� QRW� VXEVWDQWLDOO\�
LQFUHDVH� WKH� YLDELOLW\� OHYHO� LQ� WKH� ���K� DVVD\��2QO\� LQ� WKH�
FDVH� RI�2PLJDQDQ�0%,����� GLG� WKH� YLDELOLW\� LQFUHDVH� WR�
����� �QRW� VKRZQ��� 7KLV� VXJJHVWV� D� VWURQJHU� GHSHQGHQFH�
RI�WKH�DQWLWXPRU�HIIHFW�RQ�WKH�GXUDWLRQ�RI�WKH�DVVD\�WKDQ�
RQ� WKH� FRQFHQWUDWLRQ� RI� WKH� SHSWLGHV� IRU� WKH� FRQFHQWUD�
WLRQ�UDQJH�VWXGLHG�
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7R� ÀQG� GLIIHUHQFHV� LQ� WKH� DQWLWXPRU� DFWLYLW\� EH�
WZHHQ� LQGLYLGXDO� SHSWLGHV� ZH� KDG� WR� VKRUWHQ� WKH� LQ�
FXEDWLRQ� SHULRG� WR� �� K� RQO\�� 7KLV� HQDEOHG� XV� WR� GHP�
RQVWUDWH� KLJKHU� DQWLWXPRU� HIÀFLHQFLHV� RI� &LWURSLQ� �����
3H[LJDQDQ� 06,���� DQG� 3URWHJULQ� �� LQ� WKH� 8���� FHOO�
OLQH� PRGHO� DV� RQO\� WKRVH� SHSWLGHV�� WRJHWKHU� ZLWK� WKH�
3DO�/\V�/\V�1+�� OLSRSHSWLGH�� VKRZHG� D� VWURQJ� F\�
WRWR[LF� HIIHFW� LQ� WKH� VKRUWHQHG� LQFXEDWLRQ� WLPH� �)LJ��
���� 7KH� OLSRSHSWLGH�� HYHQ� ZLWK� LWV� VWURQJ� DELOLW\� WR� LQ�
FUHDVH� WKH� SHUPHDELOLW\� RI� WKH� FHOO� PHPEUDQH� �$YUD�
KDPL�	� 6KDL�� ������� ZDV� OHVV� F\WRWR[LF� WKDQ� WKH� RWKHU�
WKUHH�SHSWLGHV��7KRVH� IRXU�SHSWLGHV�ZHUH� FKRVHQ� IRU� D�
GHWDLOHG� DQDO\VLV� RI� WKH� GRVH�GHSHQGHQFH� RI� WKHLU� DQWL�
WXPRU� HIIHFW� LQ� WKH� ��K� DVVD\� WRJHWKHU� ZLWK� %XIRULQ� ��
WR� GHPRQVWUDWH� LWV� ODFN� RI� F\WRWR[LF� HIIHFW� DJDLQVW� WKLV�
WXPRU� FHOO� OLQH� �)LJ�� ���� 3H[LJDQDQ� 06,���� KDG� WKH�
VWURQJHVW� DQWLWXPRU� HIIHFW� DPRQJ� WKH� WKUHH� SHSWLGHV��

7KH� GLIIHUHQFH�ZDV� VWDWLVWLFDOO\� VLJQLÀFDQW� IRU� WKH� GRV�
HV� RI� ��� ƬJ�PO� �3� ������� DQG� ��� ƬJ�PO� �3� ��������
$OWKRXJK� WKHUH� ZDV� QR� GLIIHUHQFH� LQ� WKH� FHOO� FXOWXUH�
YLDELOLW\�DW� WKH�GRVH�RI����ƬJ�PO�EHWZHHQ�&LWURSLQ�����
DQG�3URWHJULQ� ��� WKH� IRUPHU� VKRZHG� D� VWURQJHU� DQWLWX�
PRU� HIÀFLHQF\� DW� ORZHU� FRQFHQWUDWLRQV� WKDQ� GLG� 3UR�
WHJULQ� �� �VWDWLVWLFDOO\� VLJQLÀFDQW� DW� �� ƬJ�PO�� 3� ��������
7KH� F\WRWR[LF� DFWLYLW\� RI� 3DO�/\V�/\V�1+�� DW� ��� ƬJ�
PO� ZDV� VLPLODU� WR� WKHVH� RI� &LWURSLQ� ����� DQG� 3URWHJ�
ULQ� ���+RZHYHU�� LQ� FRQWUDVW� WR� WKH� RWKHU� SHSWLGHV�� WKH�
OLSRSHSWLGH� F\WRWR[LFLW\� KDG� DQ� DOPRVW� OLQHDU� GHSHQ�
GHQFH� RQ� LWV� FRQFHQWUDWLRQ� LQGLFDWLQJ� D� PXFK� VLPSOHU�
UHODWLRQVKLS� EHWZHHQ� WKH� FRQFHQWUDWLRQ� RI� WKH� DJHQW�
DQG� LWV� LQÁXHQFH� RQ� WKH� WXPRU� FHOO��:H� DOVR� REVHUYHG�
D� ODFN� RI� D� F\WRWR[LF� DFWLYLW\� RI� %XIRULQ� ��� ZKLFK� LV�
XQDEOH� WR� SHUPDQHQWO\� GLVUXSW� WKH� FHOO� PHPEUDQH�
�.RED\DVKL� HW� DO��� �������

Table 1. AMPs used in experiments, their sequence, grouping according to characteristics of their molecular structure, and mecha-
nism of action

Name and sequence Grouping according to characteristics of 
molecular structure Known mode of action

Buforin 2
TRSSRAGLQFPVGRVHRLLRK (Park 
et al., 1996)

linear, α-helical peptide forming amphipa-
thic helix distorted around Pro(11) with a 
$exible N-terminal region (Kobayashi et al., 
2004; Cho et al., 2008)

forms and disintegrates non-permeabilizing pore-
like structure to translocate without cell lysis then 
bind to DNA and RNA (Park et al., 1998; Kobayashi 
et al., 2004)

Citropin 1.1
GLFDVIKKVASVIGGL-NH2 (Wegener 
et al., 1999; Wabnitz et al., 1999)

linear, α-helical peptide without cysteines 
(Wegener et al., 1999; Wabnitz et al., 1999)

forms a ‘carpet’ on the membrane surface follo-
wing ‘carpet-like’ model (Ambroggio et al., 2005; 
Fernandez et al., 2009)

Demegen P-113
AKRHHGYKRKFH-NH2 (Paquette et 
al., 1997)

linear, α-helical peptide with a predomi-
nance of one or more amino acids — histi-
dine-rich (Paquette et al., 1997)

translocates into cytosol  in Candida albicans (Jang 
et al., 2008)

Omiganan MBI-226
ILRWPWWPWRRK-NH2 (Isaacson, 
2003)

linear, α-helical peptide with a predomi-
nance of one or more amino acids — tryp-
tophane-rich (Isaacson, 2003)

induces membrane depolarization, inhibition of 
macromolecular synthesis and cell death (Melo et 
al., 2007)

Pexiganan MSI-78
GIGKFLKKAKKFGKAFVKILKK-NH2 
(Jacob & Zaslo%, 1994)

linear, α-helical peptide without cysteines 
(Gottler & Ramamoorthy, 2009)

binds to the membrane surface, forms dimers that 
assemble toroidal pores, but not barrel-stave pores 
(Gottler & Ramamoorthy, 2009)

Protegrin 1
RGGRLCYCRRRFCVCVGR-NH2 (Ko-
kryakov et al., 1993)

β-sheet structure stabilized by disulphide 
bridges (Gottler et al., 2008; Mani et al., 
2006)

assembles β-barrel membrane pore structure form-
ing the core of a toroidal pore ( Mani, 2006; Got-
tler, 2008)

Temporin A
FLPLIGRVLSGIL-NH2 (Simmaco et 
al., 1996)

linear, α-helical peptide without cysteines, 
basic, highly hydrophobic (Simmaco et al., 
1996)

forms a transmembrane pore via a barrel-stave 
mechanism or forms a ‘carpet’ on the membrane 
surface via the ‘carpet-like’ model (Oren & Sahi, 
1998), is also chemotactic to phagocytes (Chen et 
al., 2004)

Figure 1. Cytotoxic e!ect of AMPs on U937 tumor cells
AMPs at 20 µg/ml were added to cell culture for 6 h, followed by 
MTT cytotoxicity assay. Data points represent averages of 3 inde-
pendent MTT tests. The standard deviations are marked. 

Figure 2. Dose-dependent cytotoxic e!ect of AMPs on U937 tu-
mor cells
AMPs were added to cell culture for 6 h, followed by MTT cytotox-
icity assay. Data points represent averages of 6 independent MTT 
tests. The standard deviations are marked. *P < 0.05; **P < 0.01.
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In%uence of chosen AMPs on cell membrane integrity 
of U937 cells in vitro

7KH�EHVW�NQRZQ�PHFKDQLVP�RI� WKH�DFWLRQ�RI�$03V� LV�
WKHLU� PHPEUDQRO\WLF� DFWLYLW\� OHDGLQJ� WR� QHFURVLV�� 0LFUR�
VFRSLF� REVHUYDWLRQV� KDYH� VKRZQ� WKDW� FHOOV� VHHP� WR� GLH�
RI� QHFURVLV� DQG� DSRSWRVLV�� :H� DQDO\]HG� WKH� PHFKDQLVP�
RI� FHOO� GHDWK� XVLQJ� D� G\H� XSWDNH� DVVD\� GHWHUPLQLQJ� FHOO�
PHPEUDQH� LQWHJULW\�� ZKLFK� VKRXOG� EH� ORVW� LI� FHOOV� GLH� RI�
QHFURVLV�� $W� WKH� HQG� RI� WKH� ��K� F\WRWR[LFLW\� DVVD\�� WKH�
SHSWLGH�WUHDWHG� FHOOV� ZHUH� VWDLQHG� ZLWK� WU\SDQ� EOXH� ³�
D� G\H� WKDW� PLJUDWHV� LQWR� WKH� F\WRSODVP� RI� WKH� FHOO� RQO\�
ZKHQ� WKH� LQWHJULW\� RI� LWV� PHPEUDQH� LV� FRPSURPLVHG��
7KLV� DVVD\� VKRZHG� �)LJ�� ��� WKDW� WKH� DQWLWXPRU� DFWLYLW\�
RI� 3DO�/\V�/\V�1+��� 3H[LJDQDQ� 06,���� DQG� 3URWHJULQ� ��
FRXOG� VDWLVIDFWRULO\� EH� H[SODLQHG� E\� WKHLU� PHPEUDQRO\WLF�
DFWLYLW\� OHDGLQJ� WR� QHFURVLV�� 7KLV� HIIHFW�ZDV� FOHDUO\� GRVH�
GHSHQGHQW��+RZHYHU��ZLWK�&LWURSLQ������RQO\�D�VPDOO�SHU�
FHQWDJH�RI�WKH�FHOOV�ZHUH�G\LQJ�RI�QHFURVLV��DQG�WKLV� OHYHO�
ZDV� VLPLODU� ERWK� DW� KLJK� DQG� ORZ� FRQFHQWUDWLRQV� RI� WKH�
SHSWLGH��&RQVHTXHQWO\�� LQ� WKH�FDVH�RI�&LWURSLQ������� WKHUH�
VKRXOG�EH�DQ�DGGLWLRQDO�PHFKDQLVP�RI�DFWLRQ�UHVSRQVLEOH�
IRU� WKH� DQWLWXPRU� DFWLYLW\� RI� WKH� SHSWLGH� LQGHSHQGHQW� RI�
LWV� PHPEUDQRO\WLF� DFWLYLW\� DQG� UHVSRQVLEOH� IRU� WKH� GRVH�
GHSHQGHQW� LQFUHDVH� LQ� LWV� F\WRWR[LFLW\�� 7KLV� PHFKDQLVP�
QHHGV� IXUWKHU�FODULÀFDWLRQ�

TNF-α release in supernatants of U937 cell line 
treated with AMPs

7R�HOXFLGDWH�IXUWKHU�WKH�PHFKDQLVP�RI�WKH�$03V�DQWL�
WXPRU� DFWLYLW\�ZH� H[DPLQHG� WKH� FRPSOLFDWHG� UHODWLRQVKLS�
DPRQJ� /36�� 71)�ơ� DQG� $03V�� DV� HOHYDWHG� OHYHOV� RI�
71)�ơ�DUH�RIWHQ� LQGXFHG�E\� LQÁDPPDWRU\� UHVSRQVH�HOLF�
LWHG� E\� FDQFHU� �(VSHU� 	� +DUE�� ������� DQG� VRPH� WXPRU�
FHOO� OLQHV�� VXFK� DV�8����� FDQ�SURGXFH�71)�ơ�XSRQ� VWLP�
XODWLRQ� ZLWK� /36� DQG� RWKHU� LPPXQRPRGXODWRU\� DJHQWV�
�0DQGHU� HW�DO����������
)LUVW�� ZH� FKHFNHG� 71)�ơ� SURGXFWLRQ� E\� WKH� 8����

FHOO� OLQH� WUHDWHG� ZLWK� $03V� DW� ���� RU� ��� �J�PO� IRU�
�� K�� 7R� GHWHUPLQH� RI� 71)�ơ� FRQFHQWUDWLRQV� LQ� WKH�
FHOO� FXOWXUH� VXSHUQDWDQWV� ZH� XVHG� WKH� LQGLFDWRU� FHOO�
OLQH� $��� PRXVH� ÀEUREODVWLF� FHOOV� KLJKO\� VHQVLWLYH� WR�
WKH� F\WRWR[LF� DFWLYLW\�RI�71)�ơ�� HVSHFLDOO\� LQ� WKH�SUHV�
HQFH� RI� F\FORKH[LPLGH� �&+;��³� DQ� LQKLELWRU� RI� SUR�
WHLQ� V\QWKHVLV��7KHUH�ZDV�QR� VLJQ�RI�GHWHFWDEOH�71)�ơ�
OHYHOV� LQ� WKH� VXSHUQDWDQWV� RI� WKH� FHOOV� WUHDWHG� RU� QRW�
WUHDWHG�ZLWK�$03V� �QRW� VKRZQ��� 7KH�$03V� DORQH� GLG�
QRW� DIIHFW� WKH� YLDELOLW\� RI� WKH� $�� FHOO� OLQH�� HLWKHU� �QRW�
VKRZQ��� :H� FRQFOXGHG� WKDW� WKH� $03V� KDG� QR� VWLPX�
ODWRU\� HIIHFW� RQ� 71)�ơ� SURGXFWLRQ� E\� WKH� 8���� FHOO�
OLQH� ZLWKRXW� DQ\� DGGLWLRQDO� VWLPXODWRU\� VLJQDO� OLNH� WKDW�
RI�/36�

Figure 3. Dye uptake assay determining cell membrane integrity
Cell membrane integrity of U937 tumor cells after AMPs treatment for 6 h was checked using the trypan blue uptake assay. Low (0.5 Pg/
ml) and high (20 Pg/ml) concentrations of AMPs were used. Data points represent averages of 3 independent tests. The standard devia-
tions are marked.

Figure 4. TNF-α concentration in supernatants of U937 cell culture  treated with AMPs for 6 h in the presence of LPS and PMA.
Low (0.5 µg/ml) and high (20 µg/ml) concentrations of AMPs were used. TNF-α concentration in supernatants was measured as the cyto-
toxic activity against TNF-α-sensitive A9 cell line using a 17-h NR assay in the presence of CHX. Control supernatants were from cell cul-
tures not treated with AMPs and treated/not treated with LPS and PMA. Data for A9 cells not treated with any supernatant were taken as 
representing 100 % viability (not shown on graph). Data points represent averages of 4–6 independent NR tests. The standard deviations 
are marked. *P < 0.05.
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1H[W�� ZH� VWLPXODWHG� WKH� 8���� FHOOV� ZLWK� /36� DQG�
30$� LQ� WKH� SUHVHQFH� RI� WKH� $03V� XVLQJ� DQ� LGHQWLFDO�
WLPH� IUDPH� DQG� $03V� FRQFHQWUDWLRQ�� 7KH� 8���� FHOOV�
UHOHDVHG� GHWHFWDEOH� OHYHOV� RI� 71)�ơ� LQWR� FHOO� FXOWXUH� VX�
SHUQDWDQW� XQGHU� WKHVH� FRQGLWLRQV� �)LJ�� ��� FRQWUROV�� DQG�
WKH� 71)�ơ� SURGXFWLRQ� ZDV� VXSSUHVVHG� LQ� WKH� SUHVHQFH�
RI� &LWURSLQ� ����� 3H[LJDQDQ� 06,���� RU� 3URWHJULQ� �� �)LJ��
����7KLV�HIIHFW�ZDV�VPDOO� IRU� WKH�$03V�DW������J�PO��EH�
LQJ� VWDWLVWLFDOO\� VLJQLÀFDQW� �3� ������� IRU�3URWHJULQ���RQO\��
,W� EHFDPH� VWDWLVWLFDOO\� VLJQLÀFDQW� IRU� DOO� WKUHH� SHSWLGHV�
DW� ��� �J�PO� �3� �������� 7KH� KLJKHVW� DFWLYLW\� LQ� GHFUHDV�
LQJ� WKH� OHYHO�RI�71)�ơ�VWLPXODWHG�E\�/36�ZDV�VKRZQ�E\�
3URWHJULQ� ��� WKHQ� E\� 3H[LJDQDQ�06,����� ZKLOH� WKH� DFWLY�
LW\� RI�&LWURSLQ� ����ZDV� VXEVWDQWLDOO\� ORZHU��7KH�SUHVHQFH�
RI� %XIRULQ� �� RU� 3DO�/\V�/\V�1+�� GLG� QRW� DIIHFW� WKH� FD�
SDFLW\�RI�/36�WR�VWLPXODWH�SURGXFWLRQ�RI�71)�ơ�

DISCUSSION

:H�H[DPLQHG�WKH�DQWLWXPRU�DFWLYLW\�RI�D�YDULHW\�RI�DQ�
WLPLFURELDO� SHSWLGHV� DQG� LWV� GHSHQGHQFH� RQ� WKHLU� VWUXF�
WXUH� DQG�PHFKDQLVP�RI� DFWLRQ�RQ�RQH� FHOO� OLQH�� D�KXPDQ�
KLVWLRF\WLF� O\PSKRPD�FHOO� OLQH�8�����ZKLFK� LV�D�IUHTXHQW�
O\� XVHG� PRGHO� LQ� VWXGLHV� RI� F\WRWR[LFLW\� �6XQGVWURP� 	�
1LOVVRQ�� ������� 7KLV� DSSURDFK� VLPSOLÀHG� WKH� DQDO\VLV� DV�
WKH�SHSWLGH�VHOHFWLYLW\�WRZDUGV�D�VSHFLÀF�WDUJHW�FHOO� LV�QRW�
RQO\� GHSHQGHQW� RQ� D�PXOWLWXGH� RI� ELRSK\VLFDO� SURSHUWLHV�
RI� WKH�$03V�� EXW� DOVR� RQ� WKRVH� RI� WKH� WDUJHW� FHOO�PHP�
EUDQHV� �5HGG\� HW�DO����������
,W� LV� WKRXJKW� WKDW� WKH�DPSKLSDWKLFLW\�RI�DQ�$03�SOD\V�

D� SLYRWDO� UROH� LQ� LWV�PHFKDQLVP� RI� DFWLRQ�� 7KH� DPSKLSD�
WKLFLW\� RI� D� SHSWLGH� GHSHQGV�� H�J��� RQ� LWV� FKDLQ� OHQJWK��
DPLQR�DFLG� VHTXHQFH� DQG� WKH� UHVXOWDQW� QHW� FKDUJH�� DQG�
LV� HQKDQFHG� XSRQ� IRUPDWLRQ� RI� VSHFLÀF� VHFRQGDU\� VWUXF�
WXUHV� VXFK� DV� ơ�KHOLFHV�� Ƣ�KDLUSLQV� RU� H[WHQGHG� SRO\SUR�
OLQH�OLNH� KHOLFHV� DQG� LV�� RI� FRXUVH�� PRGXODWHG� E\� WKHLU�
FRQFHQWUDWLRQ�� DELOLW\� WR� ROLJRPHUL]H� DQG� IRUP� GLIIHUHQW�
VWUXFWXUHV� LQ� WKH� FHOO�PHPEUDQH� �6KDL�� ������ &KHQ� HW� DO���
������3DSR�	�6KDL���������2XU�H[SHULPHQWV� VKRZHG� WKDW�
WKH� DQWLWXPRU� DFWLYLW\�ZDV� QRW� GHWHUPLQHG� E\� VRPH� VSH�
FLÀF�PROHFXODU� VWUXFWXUH�RI� WKH�SHSWLGH�� DV� WKH�F\WRWR[LF�
LW\� OHYHOV�RI�&LWURSLQ�����DQG�7HPSRULQ�$�³�WZR� OLQHDU��
ơ�KHOLFDO�SHSWLGHV�RI� VLPLODU� OHQJWK� �6LPPDFR� HW� DO���������
:HJHQHU� HW� DO��� ������ ZHUH� FOHDUO\� GLIIHUHQW�� &LWURSLQ� ����
ZDV�KLJKO\�F\WRWR[LF� WR� WKH�8����FHOO� OLQH��ZKLOH�7HPSR�
ULQ� $� KDG� DOPRVW� QR� LQÁXHQFH� RQ� LWV� YLDELOLW\�� )XUWKHU�
PRUH�� 3URWHJULQ� �� FRQWDLQLQJ� D� E�VKHHW� DV� D� GRPLQDQW�
PRWLI�� VKRZHG� VLPLODU� F\WRWR[LFLW\� OHYHO� DV� &LWURSLQ� ����
DW� KLJKHU� GRVHV�� 7KLV� LQGLFDWHV� WKDW� WKHUH� LV� QR� VLPSOH�
OLQN� EHWZHHQ� WKH� VWUXFWXUH� DQG� WKH� DQWLWXPRU� HIIHFW� RI�
WKRVH� SHSWLGHV�� +RZHYHU�� WKH� KLJKHVW� F\WRWR[LF� DFWLYLW\�
RI� 3H[LJDQDQ� 06,���� FRXOG� EH� H[SODLQHG� E\� LWV� ORQJHU�
OHQJKW� RI� ��� DPLQR� DFLGV� �-DFRE�	�=DVORII�� ������� 6XFK�
SHSWLGHV��FRQVLVWLQJ�RI�PRUH� WKDQ����DPLQR�DFLG�UHVLGXHV�
FDQ� IRUP� ơ�KHOLFHV� RI� VXIÀFLHQW� OHQJWK� WR� LQGLYLGXDOO\�
VSDQ� D� OLSLG� PHPEUDQH�� WKXV� HQDEOLQJ� IRUPDWLRQ� RI� GLI�
IHUHQW� WUDQVPHPEUDQH� VWUXFWXUHV� LQ� WKH� WDUJHW� FHOO� PHP�
EUDQH� WKDQ� WKRVH� IRUPHG� E\� WKH� VKRUWHU� SHSWLGHV�� 7KH�
WUDQVPHPEUDQH�SHSWLGHV�FDQ�ROLJRPHUL]H� LQWR�HLWKHU� ¶EDU�
UHO�VWDYH·� RU� WRURLGDO� SRUHV�� ZKLFK� ZRUN� DV� QRQ�VHOHFWLYH�
FKDQQHOV� GLVUXSWLQJ� WKH� FHOO� KRPHRVWDVLV� DQG� OHDGLQJ� WR�
FHOO�GHDWK� �(SDQG�	�9RJHO��������6KDL��������<DQJ� HW� DO���
������� 6KRUWHU� SHSWLGHV� DUH� PRUH� OLNHO\� WR� ZRUN� YLD� IRU�
PDWLRQ� RI� D� ¶FDUSHW·� RQ� WKH�PHPEUDQH� VXUIDFH�� LQ�ZKLFK�
WKH\� DJJUHJDWH� RQ� WKH� VXUIDFH� XQWLO� D� FULWLFDO� FRQFHQWUD�
WLRQ� LV� UHDFKHG�� DW� ZKLFK� SRLQW� WKH\� VROXELOLVH� RU� O\VH�
WKH�PHPEUDQH� LQ� D� GHWHUJHQW�OLNH�PDQQHU� �2UHQ�	�6KDL��

������ (SDQG� 	� 9RJHO�� ������ 6KDL�� ������� +RZHYHU�� WKH�
OHQJWK� RI� WKH� SHSWLGH� LV� QRW� WKH� RQO\� FULWLFDO� IDFWRU�� DV�
VKRZQ�E\�WKH� ORZ�F\WRWR[LF�DFWLYLW\�RI�%XIRULQ���ZLWK� LWV�
��� DPLQR�DFLG� UHVLGXHV�� ,W� KDV� EHHQ� SURSRVHG� WKDW� RWKHU�
IDFWRUV�� H�J��� D� SHSWLGH�OLSLG� K\GURSKRELF� PLVPDWFK� �GH�
3ODQTXH� HW� DO��� ������ DQG� WKH� SHSWLGH� FRQFHQWUDWLRQ� UHOD�
WLYH� WR� WKUHVKROG� YDOXHV� �$LVHQEUH\� HW� DO��� ������ FDQ� SOD\�
D� UROH� LQ� WKH�SHSWLGH�F\WRWR[LFLW\�

7KH� HIIHFW� RQ� FRQFHQWUDWLRQ� ZDV� UDWKHU� FRPSOH[�
�)LJ�� ��� LQ� WKH� FDVH� RI� &LWURSLQ� ����� 3H[LJDQDQ� 06,����
DQG� 3URWHJULQ� ��� DV� DERYH� �� �J�PO� WKH� F\WRWR[LFLW\� RI�
WKHVH� SHSWLGHV� FOHDUO\� LQFUHDVHG�� ZKHUHDV� DW� ORZHU� FRQ�
FHQWUDWLRQV� LW�ZDV�FRQVWDQW��2QO\�IRU� WKH� OLSRSHSWLGH�3DO�
/\V�/\V�1+�� ZDV� LWV� F\WRWR[LFLW\� DOPRVW� OLQHDUO\� UHODWHG�
WR� LWV� FRQFHQWUDWLRQ��:H� EHOLHYH� WKLV� VLPSOH� UHODWLRQVKLS�
LV�GXH�WR�WKH�VKRUWHQLQJ�RI�WKH�SHSWLGH�EDFNERQH�DQG�WKH�
SUHVHQFH� RI� WKH� SDOPLWR\O� UHVLGXH� �.DP\V]� HW� DO��� �������
7KH� F\WRWR[LFLW\� RI� DOO� WKH� SHSWLGHV�� ZLWK� WKH� H[FHSWLRQ�
RI� %XIRULQ� ��� ZDV� VLJQLÀFDQWO\� LQFUHDVHG� E\� H[WHQGLQJ�
WKH� LQFXEDWLRQ� WLPH� LQ� WKH� F\WRWR[LFLW\� DVVD\�� HYHQ� DW� D�
ORZ� FRQFHQWUDWLRQ� ����� �J�PO�� �QRW� VKRZQ��� 7KLV� VXJ�
JHVWV� D� VWURQJHU� GHSHQGHQFH� RI� WKH� DQWLWXPRU� HIIHFW� RQ�
WKH� GXUDWLRQ� RI� WKH� DWWDFN� RI� WKH� DQWLPLFURELDO� SHSWLGHV�
RQ� WKH� WXPRU� FHOOV� WKDQ� RQ� WKHLU� FRQFHQWUDWLRQ�� 7KLV�
WLPH� IDFWRU� DQG� LWV� ODFN� RI� LQÁXHQFH� RQ� WKH� DFWLYLW\� RI�
%XIRULQ� ��� WKH� RQO\� SHSWLGH� XVHG� LQ� WKLV� ZRUN� WKDW� GRHV�
QRW� SHUPDQHQWO\� GLVUXSW� WKH� FHOO� PHPEUDQH� �.RED\DVKL�
HW� DO��� ������� VXJJHVWV� WKDW� WKH� DQWLWXPRU� DFWLYLW\� RI� WKH�
SHSWLGHV� LV� PDLQO\� FRUUHODWHG� ZLWK� WKHLU� DELOLW\� WR� IRUP�
SRUHV� LQ� WKH�FHOO�PHPEUDQH�
2XU� SUHOLPLQDU\� UHVXOWV� REWDLQHG� ZLWK� WKH� +/��� FHOO�

OLQH�GHULYHG� IURP�D�KXPDQ�DFXWH�SURP\HORF\WLF� OHXNHPLD�
VKRZHG� D� VLPLODU�� LI� VOLJKWO\� ZHDNHU�� HIIHFW� RI� WKH� DQD�
O\]HG� DQWLPLFURELDO� SHSWLGHV�� ZLWK� &LWURSLQ� ����� 3H[LJD�
QDQ� 06,���� DQG� 3URWHJULQ� �� DIIHFWLQJ� WKLV� FHOO� OLQH� WKH�
PRVW� LQ� WKH� F\WRWR[LFLW\� DVVD\V��7KLV� VXJJHVWV� D� XQLYHUVDO�
OLQN� EHWZHHQ� WKH� VWUXFWXUH� DQG� F\WRWR[LF� HIIHFWV� RI� WKHVH�
SHSWLGHV�RQ�YDULRXV� WXPRU�FHOO� OLQHV��
:H� IRXQG� WKDW� DOO� WKH� SHSWLGHV� ZKLFK� ZHUH� KLJKO\�

F\WRWR[LF� WR� WKH� 8���� FHOO� OLQH� GLVUXSWHG� WKH� LQWHJULW\�
RI� WKH� FHOO�PHPEUDQH� �)LJ�� ����7KH� EHVW� NQRZQ�PHFKD�
QLVP� RI� DFWLRQ� RI� $03V� LV� WKHLU� PHPEUDQRO\WLF� DFWLY�
LW\� OHDGLQJ� WR� QHFURVLV� �6KDL�� ������ DQG� WKLV�PHFKDQLVP�
FDQ� VDWLVIDFWRULO\� H[SODLQ� WKH� DQWLWXPRU� DFWLYLW\� RI�3H[L�
JDQDQ� 06,����� 3URWHJULQ� �� DQG� 3DO�/\V�/\V�1+��� ,Q�
WKH� FDVH� RI� 3H[LJDQDQ� 06,���� DQG� 3URWHJULQ� ��� HYHQ�
WKRXJK� WKH\� DGRSW� GLIIHUHQW� VHFRQGDU\� VWUXFWXUHV�� WKH\�
GLVUXSW�FHOO�PHPEUDQH� WKURXJK� WKH�VDPH�PHFKDQLVP�³�
IRUPDWLRQ� RI� WRURLGDO� SRUHV� �0DQL� HW� DO��� ������ *RWWOHU�
HW� DO��� ������� LQ� FRQWUDVW� WR� WKH� RWKHU� SHSWLGHV� XVHG� LQ�
WKLV� ZRUN� �7DEOH� ���� 3DO�/\V�/\V�1+�� DV� D� OLSRSHSWLGH�
DFWV� GLUHFWO\� WKURXJK� VLPSOH� GLVUXSWLRQ� RI� PHPEUDQH�
HOHFWULF� SRWHQWLDO� �(SDQG� 	� 9RJHO�� ������ $YUDKDPL� 	�
6KDL�� ������� +RZHYHU�� LQ� WKH� FDVH� RI� &LWURSLQ� ����� WKH�
VLWXDWLRQ� LV� QRW� VR� FOHDU� DV� WKH� FHOO� PHPEUDQH� LQWHJULW\�
ZDV� GLVUXSWHG� RQO\� WR� D� VPDOO� H[WHQW� DQG� LQGHSHQGHQW�
O\� RI� WKH� SHSWLGH� FRQFHQWUDWLRQ�� &RQVHTXHQWO\�� VRPH�
RWKHU� PHFKDQLVP� VKRXOG� EH� UHVSRQVLEOH� IRU� WKH� VWURQJ�
DQG� GRVH�GHSHQGHQW� F\WRWR[LF� DFWLYLW\� RI� WKLV� SHSWLGH��
HLWKHU� D� QRQ�PHPEUDQRO\WLF� RQH� RU� DQRWKHU� EDVHG� RQ�
PHPEUDQRO\WLF� DFWLYLW\� OHDGLQJ� WR� DSRSWRVLV� �0DGHU� 	�
+RVNLQ�� ������ 0DGHU� HW� DO��� ������� 7KH� QDWXUH� RI� WKLV�
PHFKDQLVP�VWLOO�QHHGV� WR�EH�HOXFLGDWHG�
6RPH� SHSWLGHV� FDQ� LQGXFH� QRQ�PHPEUDQRO\WLF� HIIHFWV�

RQ� WDUJHW� FHOOV� WKURXJK� ELQGLQJ� WR� FHOOXODU� UHFHSWRUV� DW�
ORZ� FRQFHQWUDWLRQV�� DFWLYDWLRQ� RI� LQWUDFHOOXODU� VLJQDOOLQJ�
SDWKZD\V� DQG� VWLPXODWLRQ� RI� D� YDULHW\� RI� FHOOXODU� IXQF�
WLRQV� �.RF]XOOD�	�%DOV���������)RU� LQVWDQFH�� VRPH�RI� WKH�
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SHSWLGHV�� VXFK� DV� WKH� QHXWURSKLO�GHULYHG� KHSDULQ�ELQGLQJ�
SURWHLQ� �+%3��� FDQ� VWLPXODWH� WKH� SURGXFWLRQ� RI� 71)�ơ�
E\� LVRODWHG� PRQRF\WHV� �+HLQ]HOPDQQ� HW� DO��� ������ HYHQ�
ZLWKRXW� DGGLWLRQDO� VWLPXODWLRQ� E\�� H�J��� /36�� 71)�ơ� LV�
TXLWH� RIWHQ� LQGXFHG� LQ� FDQFHU� SDWLHQWV� EHFDXVH� RI� WKH�
LQÁDPPDWRU\� UHVSRQVH� HOLFLWHG� E\� FDQFHU� OHDGLQJ� WR� FD�
FKH[LD� �(VSHU� 	� +DUE�� ������� )RU� WKLV� UHDVRQ�� ZH� DOVR�
GHFLGHG� WR� OHDUQ� KRZ� RXU� DQWLEDFWHULDO� SHSWLGHV�ZLWK� WKH�
KLJKHVW� DQWLWXPRU� DFWLYLW\� �DQG�%XIRULQ��� DV� WKH� OHDVW� DF�
WLYH� RQH�� DIIHFWHG� 71)�ơ� SURGXFWLRQ�� ,W� WXUQHG� RXW� WKDW�
WKH� $03V� DQDO\]HG� KDG� QR� GLUHFW� VWLPXODWRU\� HIIHFW� RQ�
71)�ơ�SURGXFWLRQ�E\� WKH�8����FHOO� OLQH��

0RUHRYHU��ZH�ZDQWHG� WR� OHDUQ� LI� WKH\� FRXOG� DIIHFW� WKH�
SURGXFWLRQ�RI�71)�ơ� LQGXFHG� LQ�8����FHOOV�E\�/36�DQG�
30$� VWLPXODWLRQ�� ,QIHFWLRQV� DUH� PDMRU� FDXVHV� RI� PRU�
ELGLW\�DQG�PRUWDOLW\� LQ�SDWLHQWV�ZLWK�FDQFHU� �6PLOH\� HW� DO���
������DQG� WKH�SUHVHQFH�RI�/36�FDQ� LQFUHDVH�SUROLIHUDWLRQ�
RI� VRPH� WXPRU� FHOOV�� DV� ZHOO� DV� LQFUHDVH� WKHLU� LQYDVLYH�
SRWHQWLDO� �+DUPH\� HW� DO��� ������ 7DNDED\DVKL� HW� DO��� �������
7KH� FHOO� OLQH� ZH� XVHG�� WKH� KXPDQ� KLVWLRF\WLF� O\PSKRPD�
FHOO� OLQH� 8����� LV� D� IUHTXHQWO\� XVHG� PRGHO� LQ� VWXGLHV� RI�
71)�ơ�PHGLDWHG� F\WRWR[LFLW\� DQG� FDQ� JHQHUDWH� 71)�ơ�
XSRQ� VWLPXODWLRQ� ZLWK� /36� DQG� 30$� �6XQGVWURP� 	�
1LOVVRQ�� ������0DQGHU� HW� DO��� ������� 6RPH�$03V� FDQ� LQ�
WHUDFW� ZLWK� /36� E\� VWURQJO\� ELQGLQJ� WR� /36� DJJUHJDWHV�
FDXVLQJ� WKHLU� GLVVRFLDWLRQ�� SUHYHQWLQJ� /36� IURP� ELQGLQJ�
WR� WKH� FDUULHU� OLSRSRO\VDFFKDULGH�ELQGLQJ� SURWHLQ� RU� WR�
LWV� &'��� UHFHSWRU�� WKXV� UHGXFLQJ� 71)�ơ� SURGXFWLRQ� E\�
WKH� FHOOV� �5RVHQIHOG� HW� DO��� ������� 6RPH� RI� RXU� SHSWLGHV�
LQGHHG� VXSSUHVVHG� WKH� OHYHO� RI�71)�ơ� LQ� FHOO� FXOWXUH� VX�
SHUQDWDQWV� RI� /36�VWLPXODWHG� 8���� FHOOV�� ZLWK� D� VWDWLVWL�
FDO�VLJQLÀFDQFH�IRU�3URWHJULQ���DQG�D�VWURQJ�WHQGHQF\�IRU�
&LWURSLQ����� DQG�3H[LJDQDQ�06,����DW� ORZ�FRQFHQWUDWLRQ�
����� �J�PO��� DQG� LQ� D� VWDWLVWLFDOO\� VLJQLÀFDQW� PDQQHU� IRU�
DOO� WKUHH� DW� WKH� KLJKHU� FRQFHQWUDWLRQ� RI� ��� �J�PO�� 3DO�
/\V�/\V�1+�� GLG� QRW� DIIHFW� WKH� DELOLW\� RI� /36� WR� VWLPX�
ODWH� SURGXFWLRQ� RI� 71)�ơ�� 7KLV� VXJJHVWV� WKDW� D� ORQJHU�
SHSWLGH�EDFNERQH� LV�QHHGHG��$�VLPLODU� ODFN�RI�HIIHFW�DOVR�
IRU�%XIRULQ��� VHHPV�DGGLWLRQDOO\� WR� VXJJHVW� WKDW� WKH�DELO�
LW\� RI� WKH� SHSWLGHV� WR� IRUP� VWDEOH� SRUHV�� DQG� HVSHFLDOO\�
WRURLGDO�RQHV�� OLNH�WKRVH�RI�3URWHJULQ����0DQL�HW�DO���������
*RWWOHU� HW� DO��� ������� LV� LQ� VRPH� ZD\� LQYROYHG�� 2QH� H[�
SODQDWLRQ� FRXOG� EH� WKH� DELOLW\� RI� VXFK� SHSWLGHV� WR� IRUP�
VWURQJ� DJJUHJDWHV�ZLWK�/36�� UHVXOWLQJ� LQ� WKH� UHGXFWLRQ�RI�
71)�ơ� SURGXFWLRQ� GXH� WR� WKH� /36� VWLPXODWLRQ�� )XUWKHU�
VWXGLHV� DUH� QHHGHG� WR� DQVZHU� WKH� TXHVWLRQ� WKURXJK�ZKDW�
PROHFXODU�PHFKDQLVP�WKH�SHSWLGHV� LQÁXHQFH�71)�ơ�SUR�
GXFWLRQ�GXH� WR�/36�VWLPXODWLRQ�
$V� $03V� EHJLQ� VKRZLQJ� WKHLU� SRWHQWLDO� DV� KLJKO\� VH�

OHFWLYH� DQWLWXPRU� GUXJV�� HYHQ� DJDLQVW� GLVHDVHV� UHVLVWDQW�
WR� FKHPRWKHUDS\� �'XELQ� HW� DO��� ������ 0DGHU� 	� +RVNLQ��
������� WKLV� SRWHQWLDO� VKRXOG� EH� WDNHQ� DGYDQWDJH� RI� WR�
VROYH� WKH� PDLQ� SUREOHPV� LQ� FRQYHQWLRQDO� DQWL�FDQFHU�
FKHPRWKHUDS\�� WR[LF� VLGH�HIIHFWV�� ORZ� UHVSRQVH� RI� VORZ�
JURZLQJ� WXPRUV� DQG�GRUPDQW� FHOOV� �1DXPRY� HW� DO��� ������
DQG� WKH� GHYHORSPHQW� RI� PXOWL�GUXJ� UHVLVWDQFH� E\� WXPRU�
FHOOV� �*RWWHVPDQ�� ������ HYHQ� DJDLQVW� DQWL�DQJLRJHQLF�
GUXJV� �)HUUDUD�	�.HUEHO�� ������� 8QGHUVWDQGLQJ� WKH� UHOD�
WLRQVKLSV�EHWZHHQ�$03V�VWUXFWXUH�DQG�DQWLWXPRU�DFWLYLW\�
ZRXOG� EH� KHOSIXO� LQ� WKH� GHYHORSPHQW� RI� V\QWKHWLF� SHS�
WLGHV� ZLWK� WKH� KLJKHVW� DQWLWXPRU� DFWLYLW\� DQG� VHOHFWLYLW\�
DQG� ORZ� VLGH�HIIHFWV�� H�J��� KDHPRO\VLV��2XU�ZRUN� VKRZHG�
WKDW� WKH� F\WRWR[LF� DFWLYLW\� RI� WKH� DQDO\]HG� SHSWLGHV� ZDV�
QRW�GHWHUPLQHG�E\�VRPH�VSHFLÀF�PROHFXODU�VWUXFWXUH��EXW�
ZDV�UDWKHU�GHSHQGHQW�RQ�WKH�OHQJWK�RI�WKH�SHSWLGH�FKDLQ��
ZKLFK� LV� OLNHO\� WR� DIIHFW� WKH� HIÀFLHQF\� RI� WKH� WXPRU� FHOO�
PHPEUDQH� GLVUXSWLRQ� DQG� LQWHUDFWLRQ� ZLWK� /36�� 7KHUH�
IRUH�� VRPH� UHODWLRQVKLSV� EHWZHHQ� WKH� VWUXFWXUH� DQG� DQWL�

WXPRU�DFWLYLW\�RI�DQWLPLFURELDO�SHSWLGHV�DUH� OLNHO\�WR�H[LVW�
DQG�GHVHUYH�IXUWKHU�HOXFLGDWLRQ�

Acknowledgements

6XSSRUWHG� E\� D� FRUH� IXQG� RI� WKH� ,QWHUFROOHJLDWH� )DF�
XOW\�RI�%LRWHFKQRORJ\�8*�08*�'6�0������������

REFERENCES

$LVHQEUH\� &�� %HFKLQJHU� %��*U|EQHU�*� �������0DFURPROHFXODU� FURZG�
LQJ�DW�PHPEUDQH� LQWHUIDFHV��DGVRUSWLRQ�DQG�DOLJQPHQW�RI�PHPEUDQH�
SHSWLGHV�� -�0RO�%LRO���������²����

$PEURJJLR� ((�� 6HSDURYLF� )�� %RZLH� -+�� )LGHOLR� *'�� %DJDWROOL� /$�
������� 'LUHFW� YLVXDOL]DWLRQ� RI� PHPEUDQH� OHDNDJH� LQGXFHG� E\� WKH�
DQWLELRWLF� SHSWLGHV�� PDFXODWLQ�� FLWURSLQ�� DQG� DXUHLQ�� %LRSK\V� -� ����
����²�����

$YUDKDPL�'��6KDL�<$��������$�QHZ�JURXS�RI�DQWLIXQJDO�DQG�DQWLEDFWH�
ULDO� OLSRSHSWLGHV�GHULYHG� IURP�QRQ�PHPEUDQH�DFWLYH�SHSWLGHV�FRQMX�
JDWHG� WR�SDOPLWLF�DFLG�� -�%LRO�&KHP�����������²������

%HLVVZHQJHU� &�� %DOV� 5� ������� )XQFWLRQV� RI� DQWLPLFURELDO� SHSWLGHV� LQ�
KRVW�GHIHQVH�DQG� LPPXQLW\��&XUU�3URWHLQ�3HSW�6FL�������²����

%HVVOHU�:*�� &R[�0�� /H[� $�� 6XKU� %��:LHVP�OOHU� .+�� -XQJ�*� �������
6\QWKHWLF� OLSRSHSWLGH� DQDORJV� RI� EDFWHULDO� OLSRSURWHLQ� DUH� SRWHQW�
SRO\FORQDO� DFWLYDWRUV� IRU� PXULQH� %� O\PSKRF\WHV�� -� ,PPXQRO� �����
����²�����

%RPDQ�+*��$JHUEHUWK� %�� %RPDQ�$� �������0HFKDQLVPV� RI� DFWLRQ� RQ�
(VFKHULFKLD� FROL� RI� FHFURSLQ� 3�� DQG� 35����� WZR� DQWLEDFWHULDO� SHSWLGHV�
IURP�SLJ� LQWHVWLQH�� ,QIHFW� ,PPXQ���������²�����

%UDGVKDZ�-3��������&DWLRQLF�DQWLPLFURELDO�SHSWLGHV�� LVVXHV�IRU�SRWHQWLDO�
FOLQLFDO�XVH��%LRGUXJV��������²����

%XOHW� 3�� 6W|FNOLQ�5��0HQLQ� /� �������$QWL�PLFURELDO� SHSWLGHV�� IURP� LQ�
YHUWHEUDWHV� WR�YHUWHEUDWHV�� ,PPXQRO�5HY���������²����

&DUUDZD\�./��UG��)XQHV�0��:RUNPDQ�+&�� 6ZHHQH\�&� �������&RQWUL�
EXWLRQ� RI� PHPEUDQH� PXFLQV� WR� WXPRU� SURJUHVVLRQ� WKURXJK� PRGX�
ODWLRQ� RI� FHOOXODU� JURZWK� VLJQDOLQJ� SDWKZD\V�� &XUU� 7RS� 'HY� %LRO� ����
�²����

&KHQ�)�<��/HH�0�7��+XDQJ�+:��������(YLGHQFH� IRU�PHPEUDQH� WKLQ�
QLQJ� HIIHFW� DV� WKH� PHFKDQLVP� IRU� SHSWLGH�LQGXFHG� SRUH� IRUPDWLRQ��
%LRSK\V� -���������²�����

&KHQ� 4�� :DGH� '�� .XURVDND� .�� :DQJ� =<�� 2SSHQKHLP� --�� <DQJ� '�
�������7HPSRULQ�$� DQG� UHODWHG� IURJ� DQWLPLFURELDO� SHSWLGHV� XVH� IRU�
P\O� SHSWLGH� UHFHSWRU�OLNH� �� DV� D� UHFHSWRU� WR� FKHPRDWWUDFW� SKDJR�
F\WHV�� -� ,PPXQRO����������²�����

&KR�-+��6XQJ�%+��.LP�6&� �������%XIRULQV��+LVWRQH�+�$�GHULYHG�DQ�
WLPLFURELDO� SHSWLGHV� IURP� WRDG� VWRPDFK�� %LRFKLP� %LRSK\V� $FWD� ������
����²�����

&UXFLDQL� 5$�� %DUNHU� -/�� =DVORII� 0�� &KHQ� +&�� &RODPRQLFL� 2� �������
$QWLELRWLF� PDJDLQLQV� H[HUW� F\WRO\WLF� DFWLYLW\� DJDLQVW� WUDQVIRUPHG�
FHOO� OLQHV� WKURXJK� FKDQQHO� IRUPDWLRQ�� 3URF� 1DWO� $FDG� 6FL� 86$� ����
����²������

&XGLF� 0�� 2WYRV� -U� /� ������� ,QWUDFHOOXODU� WDUJHWV� RI� DQWLEDFWHULDO� SHS�
WLGHV��&XUU�'UXJ�7DUJHWV�������²�����

GH�3ODQTXH�055��%RQHY�%%��'HPPHUV�-$$��*UHDWKRXVH�'9��.RHSSH�
5(��QG�� 6HSDURYLF�)��:DWWV�$��.LOOLDQ� -$� ������� ,QWHUIDFLDO� DQFKRU�
SURSHUWLHV� RI� WU\SWRSKDQ� UHVLGXHV� LQ� WUDQVPHPEUDQH� SHSWLGHV� FDQ�
GRPLQDWH� RYHU� K\GURSKRELF�PDWFKLQJ� HIIHFWV� LQ� SHSWLGH²OLSLG� LQWHU�
DFWLRQV��%LRFKHPLVWU\���������²�����

'XELQ�$��0DN�3��'XELQ�*��5]\FKRQ�0��6WHF�1LHPF]\N� -��:ODG\ND�%��
0D]LDUND� .�� &KPLHO� '� �������1HZ� JHQHUDWLRQ� RI� SHSWLGH� DQWLELRW�
LFV��$FWD�%LRFKLP�3RO��������²����

(SDQG� 50�� 9RJHO� +-� ������� 'LYHUVLW\� RI� DQWLPLFURELDO� SHSWLGHV� DQG�
WKHLU�PHFKDQLVPV�RI�DFWLRQ��%LRFKLP�%LRSK\V�$FWD���������²���

(VSHU�'+��+DUE�:$� ������� 7KH� FDQFHU� FDFKH[LD� V\QGURPH�� D� UHYLHZ�
RI� PHWDEROLF� DQG� FOLQLFDO� PDQLIHVWDWLRQV�� 1XWU� &OLQ� 3UDFW� ���� ���²
����

)HUQDQGH]�',��*HKPDQ�-'��6HSDURYLF�)��������0HPEUDQH� LQWHUDFWLRQV�
RI� DQWLPLFURELDO�SHSWLGHV� IURP�$XVWUDOLDQ� IURJV��%LRFKLP�%LRSK\V�$FWD�
����������²�����

)HUUDUD�1��.HUEHO� 56� �������$QJLRJHQHVLV� DV� D� WKHUDSHXWLF� WDUJHW��1D�
WXUH���������²����

)LHOGV� *%�� 1REOH� 5/� ������� 6ROLG� SKDVH� SHSWLGH� V\QWKHVLV� XWLOL]LQJ�
��ÁXRUHQ\OPHWKR[\FDUERQ\O� DPLQR� DFLGV�� ,QW� -� 3HSW� 3URWHLQ� 5HV� ����
���²����

*RWWHVPDQ�00��������0HFKDQLVPV�RI�FDQFHU�GUXJ�UHVLVWDQFH��$QQ�5HY�
0HG��������²����

*RWWOHU�/0��GH�OD�6DOXG�%HD�5��6KHOEXUQH�&(��5DPDPRRUWK\�$��0DUVK�
(1� ������� 8VLQJ� ÁXRURXV� DPLQR� DFLGV� WR� SUREH� WKH� HIIHFWV� RI�
FKDQJLQJ� K\GURSKRELFLW\� RQ� WKH� SK\VLFDO� DQG� ELRORJLFDO� SURSHUWLHV�
RI� WKH� Ƣ�KDLUSLQ� DQWLPLFURELDO� SHSWLGH� SURWHJULQ���� %LRFKHPLVWU\� ����
����²�����

*RWWOHU� /0�� 5DPDPRRUWK\� $� ������� 6WUXFWXUH��PHPEUDQH� RULHQWDWLRQ��
PHFKDQLVP�� DQG� IXQFWLRQ� RI� SH[LJDQDQ�³�$� KLJKO\� SRWHQW� DQWLPL�



Vol. 58       117Antitumor activity of antimicrobial peptides against histiocytic cell line

FURELDO� SHSWLGH� GHVLJQHG� IURP� PDJDLQLQ�� %LRFKLP� %LRSK\V� $FWD� ������
����²�����

+DUPH\� -+�� %XFDQD� &'�� /X� :�� %\UQH� $0�� 0F'RQQHOO� 6�� /\QFK� &��
%RXFKLHU�+D\HV� '�� 'RQJ� =� ������� /LSRSRO\VDFFKDULGH� LQGXFHG�
PHWDVWDWLF�JURZWK� LV�DVVRFLDWHG�ZLWK� LQFUHDVHG�DQJLRJHQHVLV��YDVFXODU�
SHUPHDELOLW\�DQG� WXPRU�FHOO� LQYDVLRQ�� ,QW� -�&DQFHU���������²����

+HLQ]HOPDQQ� 0�� 0HUFHU�-RQHV� 0$�� )ORGJDDUG� +�� 0LOOHU� )1� �������
+HSDULQ�ELQGLQJ� SURWHLQ� �&$3���� LV� LQWHUQDOL]HG� LQ� PRQRF\WHV� DQG�
LQFUHDVHV� /36�LQGXFHG� PRQRF\WH� DFWLYDWLRQ�� -� ,PPXQRO� ����� ����²
�����

,VDDFVRQ� 5(� ������� 0%,������ 0LFURORJL[�)XMLVDZD�� &XUU� 2SLQ� ,QYHVWLJ�
'UXJV�������²�����

-DFRE�/��=DVORII�0��������3RWHQWLDO�WKHUDSHXWLF�DSSOLFDWLRQV�RI�PDJDLQ�
LQV�DQG�RWKHU�DQWLPLFURELDO�DJHQWV�RI�DQLPDO�RULJLQ��&LED�)RXQG�6\PS�
��������²����

-DQJ�:6�� /L� ;6�� 6XQ� -1�� (GJHUWRQ�0� ������� 7KH� 3����� IUDJPHQW� RI�
KLVWDWLQ���UHTXLUHV�D�VSHFLÀF�SHSWLGH�VHTXHQFH�IRU� LQWUDFHOOXODU� WUDQV�
ORFDWLRQ� LQ�&DQGLGD� DOELFDQV�� ZKLFK� LV� LQGHSHQGHQW� RI� FHOO� ZDOO� ELQG�
LQJ��$QWLPLFURE�$JHQWV�&KHPRWKHU��������²����

.DP\V]� :�� .RFKDľVND� %�� .ęG]LD� $�� 2FKRFLľVND� -�� 0DýNLHZLF]� =��
.XSU\V]HZVNL� *� ������� 6WDWKHULQ� 69�� DQG� LWV� DQDORJXH�� 6\QWKHVLV�
DQG�HYDOXDWLRQ�RI�DQWLPLFURELDO�DFWLYLW\��3RO� -�&KHP��������²����

.DP\V]� :�� 6LOYHVWUL� &�� &LULRQL� 2�� *LDFRPHWWL� $�� /LFFL� $�� 'HOOD� 9LW�
WRULD� $�� 2NURM� 0�� 6FDOLVH� *� ������� ,Q� YLWUR� DFWLYLWLHV� RI� WKH� OLSR�
SHSWLGHV� SDOPLWR\O� �3DO��/\V�/\V�1+�� DQG� 3DO�/\V�/\V� DORQH� DQG� LQ�
FRPELQDWLRQ� ZLWK� DQWLPLFURELDO� DJHQWV� DJDLQVW� PXOWLUHVLVWDQW� JUDP�
SRVLWLYH�FRFFL��$QWLPLFURE�$JHQWV�&KHPRWKHU��������²����

.RED\DVKL� 6�� &KLNXVKL� $�� 7RXJX� 6�� ,PXUD� <�� 1LVKLGD� 0�� <DQR� <��
0DWVX]DNL�.� �������0HPEUDQH� WUDQVORFDWLRQ�PHFKDQLVP�RI� WKH� DQ�
WLPLFURELDO�SHSWLGH�EXIRULQ����%LRFKHPLVWU\����������²������

.RF]XOOD� $5�� %DOV� 5� ������� $QWLPLFURELDO� SHSWLGHV� FXUUHQW� VWDWXV� DQG�
WKHUDSHXWLF�SRWHQWLDO��'UXJV��������²����

.RNU\DNRY� 91�� +DUZLJ� 66�� 3DQ\XWLFK� ($�� 6KHYFKHQNR� $$�� $OHVKLQD�
*0��6KDPRYD�29��.RUQHYD�+$��/HKUHU�5,� �������3URWHJULQV�� OHX�
NRF\WH� DQWLPLFURELDO� SHSWLGHV� WKDW� FRPELQH� IHDWXUHV� RI� FRUWLFRVWDWLF�
GHIHQVLQV�DQG� WDFK\SOHVLQV��)(%6�/HWW���������²�����

/HKUHU� 5,�� *DQ]� 7� ������� $QWLPLFURELDO� SHSWLGHV� LQ� PDPPDOLDQ� DQG�
LQVHFW�KRVW�GHIHQVH��&XUU�2SLQ� ,PPXQRO�������²���

0DGHU�-6��5LFKDUGVRQ�$��6DOVPDQ�-��7RS�'��GH�$QWXHQR�5��'XQFDQ�5��
+RVNLQ� ':� �������%RYLQH� ODFWRIHUULFLQ� FDXVHV� DSRSWRVLV� LQ� -XUNDW�
7�OHXNHPLD� FHOOV� E\� VHTXHQWLDO� SHUPHDELOL]DWLRQ� RI� WKH� FHOO� PHP�
EUDQH�DQG� WDUJHWLQJ�RI�PLWRFKRQGULD��([S�&HOO�5HV����������²�����

0DGHU� -6��+RVNLQ�':� �������&DWLRQLF� DQWLPLFURELDO� SHSWLGHV� DV� QRYHO�
F\WRWR[LF� DJHQWV� IRU� FDQFHU� WUHDWPHQW��([SHUW� 2SLQ� ,QYHVWLJ� 'UXJV� ����
���²����

0DQGHU�7��+LOO�6��+XJKHV�$��5DZOLQV�3��&ODUN�&��*DPPRQ�*��)R[ZHOO�
%�� 0RRUH� 0� ������� 'LIIHUHQWLDO� HIIHFWV� RQ� 71)� DOSKD� SURGXFWLRQ�
E\�SKDUPDFRORJLFDO�DJHQWV�ZLWK�YDU\LQJ�PROHFXODU�VLWHV�RI�DFWLRQ��,QW�
-� ,PPXQRSKDUPDFRO��������²����

0DQL� 5�� &DG\� 6'�� 7DQJ� 0�� :DULQJ� $-�� /HKUHU� 5,�� +RQJ� 0� �������
0HPEUDQH�GHSHQGHQW� ROLJRPHULF� VWUXFWXUH� DQG� SRUH� IRUPDWLRQ� RI� D�
EHWD�KDLUSLQ� DQWLPLFURELDO� SHSWLGH� LQ� OLSLG� ELOD\HUV� IURP� VROLG�VWDWH�
105��3URF�1DWO�$FDG�6FL�����������²������

0DWVX]DNL� .�� 6XJLVKLWD� .�� ,VKLEH� 1�� 8HKD�0�� 1DNDWD� 6�� 0L\DMLPD� .��
(SDQG� 50� ������� 5HODWLRQVKLS� RI�PHPEUDQH� FXUYDWXUH� WR� WKH� IRU�
PDWLRQ�RI�SRUHV�E\�PDJDLQLQ����%LRFKHPLVWU\����������²�������

0HOR� 01�� &DVWDQKR�0$5%� ������� 2PLJDQDQ� LQWHUDFWLRQ� ZLWK� EDFWH�
ULDO�PHPEUDQHV� DQG� FHOO� ZDOO�PRGHOV�� $VVLJQLQJ� D� ELRORJLFDO� UROH� WR�
VDWXUDWLRQ��%LRFKLP�%LRSK\V�$FWD�����������²�����

0RRUH�$-��'HYLQH�'$��%LEE\�0&��������3UHOLPLQDU\�H[SHULPHQWDO�DQ�
WLFDQFHU�DFWLYLW\�RI�FHFURSLQV��3HSW�5HV�������²����

0RVPDQQ� 7� ������� 5DSLG� FRORULPHWULF� DVVD\� IRU� FHOOXODU� JURZWK� DQG�
VXUYLYDO�� DSSOLFDWLRQ� WR�SUROLIHUDWLRQ� DQG� F\WRWR[LFLW\� DVVD\V�� -� ,PPX�
QRO�0HWK�������²���

1DXPRY�*1��7RZQVRQ�-/��0DF'RQDOG�,&��:LOVRQ�60��%UDPZHOO�9+��
*URRP� $&�� &KDPEHUV� $)� ������� ,QHIIHFWLYHQHVV� RI� GR[RUXELFLQ�
WUHDWPHQW� RQ� VROLWDU\� GRUPDQW� PDPPDU\� FDUFLQRPD� FHOOV� RU� ODWH�
GHYHORSLQJ�PHWDVWDVHV��%UHDVW�&DQFHU�5HV�7UHDW��������²����

2UHQ� =�� 6KDL� <� ������� 0RGH� RI� DFWLRQ� RI� OLQHDU� DPSKLSDWKLF� DOSKD�
KHOLFDO�DQWLPLFURELDO�SHSWLGHV��%LRSRO\PHUV��������²����

3DSR� 1�� 6KDL� <� ������� ([SORULQJ� SHSWLGH� PHPEUDQH� LQWHUDFWLRQ� XV�
LQJ� VXUIDFH�SODVPRQ� UHVRQDQFH��GLIIHUHQWLDWLRQ�EHWZHHQ�SRUH� IRUPD�
WLRQ� YHUVXV� PHPEUDQH� GLVUXSWLRQ� E\� O\WLF� SHSWLGHV�� %LRFKHPLVWU\� ����
���²����

3DTXHWWH� ':��:DWHUV� *6�� 6WHIDQLGRX� 9/�� /DZUHQFH� +3�� )ULGFQ� 30��
2� ¶&RQQRU� 60�� 6SHUDWL� -'�� 2SSHQKHLP� )*�� %XWFKHQV� /+�� :LO�
OLDPV�5&� ������� ,QKLELWLRQ�RI� H[SHULPHQWDO�JLQJLYLWLV� LQ�EHDJOH�GRJV�
ZLWK� WRSLFDO� VDOLYDU\�KLVWDWLQV�� -�&OLQ�3HULRGRQWRO��������²����

3DUN�&%��.LP�06��.LP�6&��������$�QRYHO�DQWLPLFURELDO�SHSWLGH�IURP�
%XIR�EXIR�JDUJDUL]DQV��%LRFKHP�%LRSK\V�5HV�&RPPXQ���������²����

3DUN�&%��.LP�+6��.LP�6&��������0HFKDQLVP�RI�DFWLRQ�RI� WKH�DQWLPL�
FURELDO� SHSWLGH� EXIRULQ� ,,�� EXIRULQ� ,,� NLOOV� PLFURRUJDQLVPV� E\� SHQ�
HWUDWLQJ� WKH� FHOO�PHPEUDQH� DQG� LQKLELWLQJ� FHOOXODU� IXQFWLRQV��%LRFKHP�
%LRSK\V�5HV�&RPPXQ���������²����

3ROR]RY�,9��3ROR]RYD�$,��7\WOHU�(0��$QDQWKDUDPDLDK�*0��6HJUHVW�-3��
:RROOH\�*$��(SDQG�50� �������5ROH� RI� OLSLGV� LQ� WKH� SHUPHDELOL]D�
WLRQ�RI�PHPEUDQHV�E\�FODVV�/�DPSKLSDWKLF�KHOLFDO�SHSWLGHV��%LRFKHP�
LVWU\���������²������

5HGG\� .95�� <HGHU\� 5'�� $UDQKD� &� ������� $QWLPLFURELDO� SHSWLGHV��
SUHPLVHV�DQG�SURPLVHV�� ,QW� -�$QWLPLFURE�$JHQWV��������²����

5RVHQIHOG� <�� 3DSR� 1�� 6KDL� <� ������� (QGRWR[LQ� �OLSRSRO\VDFFKDULGH��
QHXWUDOL]DWLRQ�E\� LQQDWH� LPPXQLW\�KRVW�GHIHQVH�SHSWLGHV�� -�%LRO�&KHP�
���������²�����

6KDL� <� �������0HFKDQLVP� RI� WKH� ELQGLQJ�� LQVHUWLRQDO� GHVWDELOL]DWLRQ� RI�
SKRVSKROLSLG� ELOD\HU� PHPEUDQHV� E\� KHOLFDO� DQWLPLFURELDO� DQG� FHOO�
QRQ�VHOHFWLYH� PHPEUDQH� O\WLF� SHSWLGHV�� %LRFKLP� %LRSK\V� $FWD� ������
��²����

6LPPDFR� 0�� 0LJQRJQD� *�� &DQRIHQL� 6�� 0LHOH� 5�� 0DQJRQL� 0/�� %DUUD�
'� �������7HPSRULQV�� DQWLPLFURELDO�SHSWLGHV� IURP�WKH�(XURSHDQ� UHG�
IURJ�5DQD� WHPSRUDULD��(XU� -�%LRFKHP���������²����

6PLOH\� 6�� $OP\URXGLV�1�� 6HJDO� %+� ������� (SLGHPLRORJ\� DQG�PDQDJH�
PHQW� RI� RSSRUWXQLVWLF� LQIHFWLRQV� LQ� LPPXQRFRPSURPLVHG� SDWLHQWV�
ZLWK�FDQFHU��$EVWU�+HPDWRO�2QFRO������²���

6XQGVWURP� &�� 1LOVVRQ� .� ������� (VWDEOLVKPHQW� DQG� FKDUDFWHUL]DWLRQ�
RI� D� KXPDQ� KLVWLRF\WLF� O\PSKRPD� FHOO� OLQH� �8������ ,QW� -� &DQFHU� ����
���²�����

7DNDED\DVKL� 7�� 7DNDKDVKL� 1�� 2NDPRWR� 0�� <DJL� +�� 6DWR� 0�� )XMLHGD�
6� ������� /LSRSRO\VDFFKDULGHV� LQFUHDVH� WKH� DPRXQW� RI� &;&5��� DQG�
PRGXODWH� WKH� PRUSKRORJ\� DQG� LQYDVLYH� DFWLYLW\� RI� RUDO� FDQFHU� FHOOV�
LQ�D�&;&/���GHSHQGHQW�PDQQHU��2UDO�2QFRO��������²����

8WVXJL� 7�� 6FKURLW� $-�� &RQQRU� -�� %XFDQD� &'�� )LGOHU� ,-� ������� (OHYDW�
HG� H[SUHVVLRQ� RI� SKRVSKDWLG\OVHULQH� LQ� WKH� RXWHU� PHPEUDQH� OHDÁHW�
RI� KXPDQ� WXPRU� FHOOV� DQG� UHFRJQLWLRQ� E\� DFWLYDWHG� KXPDQ� EORRG�
PRQRF\WHV��&DQFHU�5HV���������²�����

YRQ�+DXVVHQ� -�� .RF]XOOD� 5�� 6KD\NKLHY� 5��+HUU� &�� 3LQNHQEXUJ�2�� 5H�
LPHU�'��:LHZURGW� 5�� %LHVWHUIHOG� 6�� $LJQHU� $�� &]XED\NR� )�� %DOV� 5�
�������7KH�KRVW�GHIHQFH�SHSWLGH�//����K&$3����LV�D�JURZWK�IDFWRU�
IRU� OXQJ�FDQFHU�FHOOV��/XQJ�&DQFHU�������²���

:DEQLW]�3$��%RZLH�-+��:DOODFH�-&��7\OHU�0-��������7KH�FLWURSLQ�SHS�
WLGHV� IURP� WKH� VNLQ� JODQGV� RI� WKH� $XVWUDOLDQ� %OXH� 0RXQWDLQV� WUHH�
IURJ�/LWRULD�FLWURSD��3DUW����6HTXHQFH�GHWHUPLQDWLRQ�XVLQJ�HOHFWURVSUD\�
PDVV�VSHFWURPHWU\��5DSLG�&RPPXQ�0DVV�6SHFWURP���������²�����

:DOODFK� '� ������� 3UHSDUDWLRQV� RI� O\PSKRWR[LQ� LQGXFH� UHVLVWDQFH� WR�
WKHLU�RZQ�F\WRWR[LF�HIIHFW�� -� ,PPXQRO����������²�����

:HJHQHU�./��:DEQLW]�3$��&DUYHU�-$��%RZLH�-+��&KLD�%&��:DOODFH�-&��
7\OHU�0-� �������+RVW�GHIHQFH�SHSWLGHV� IURP� WKH� VNLQ� JODQGV�RI� WKH�
$XVWUDOLDQ�EOXH�PRXQWDLQV� WUHH�IURJ�/LWRULD� FLWURSD�� 6ROXWLRQ� VWUXFWXUH�
RI�WKH�DQWLEDFWHULDO�SHSWLGH�FLWURSLQ������(XU�-�%LRFKHP���������²����

:X�0��0DLHU� (�� %HQ]� 5�� +DQFRFN� 5(� �������0HFKDQLVP� RI� LQWHUDF�
WLRQ� RI� GLIIHUHQW� FODVVHV� RI� FDWLRQLF� DQWLPLFURELDO� SHSWLGHV�ZLWK� SOD�
QDU� ELOD\HUV� DQG� ZLWK� WKH� F\WRSODVPLF� PHPEUDQH� RI�(VFKHULFKLD� FROL��
%LRFKHPLVWU\���������²�����

<DQJ� /�� +DUURXQ� 7$��:HLVV� 70�� 'LQJ� /�� +XDQJ� +:� ������� %DUUHO�
VWDYH�PRGHO�RU� WRURLGDO�PRGHO"�$�FDVH� VWXG\�RQ�PHOLWWLQ�SRUHV��%LR�
SK\V� -���������²�����


