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1.1.1  ���GHIJKL�� Staphylococcus 

aureus
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^��Escherichia coli
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S. aureus�G�


.>»5�¼»5.�½> 0.8 μm¾

1.5 μm.Õ= 400 nm¾600 nm�` 1-A
.\��ú. 
 

 
 
� 1  S. aureus � HMME ���(A)�(B, E)� AFM 	
 

Fig. 1� AFM images of Dose-dependent response of S. aureus to 
HMME irradiated by visible light (power density 200 mW/cm2) for 30 
min. Cells were in 0 μg/mL (A), 25 μg/mL HMME (B), 50 μg/mL 
HMME (E) ( Topography mode); Fig C,D,G was the height profiles 
along lines in A, B,F respectively, and Fwas the enlarged image of 
square frame in E( error signal mode).With the increasing concentra-
tion of HMME, the height and average roughness of the cell were all 
reduced a lot. The control cells surface was smooth (Fig A,C)and 
there were many splashes in the surface of the cells reacted with 
HMME(Fig E,F, black arrows in F showed). Scanning area: A. 10 
μm2, B. 5 μm2, E. 2 μm2, F. 500 nm2. 
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2.2  HMME � E.coli ��� AFM �� 
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� 2  E.coli � HMME ���(A)�(E)� AFM 	
 

Fig. 2� AFM images of Dose-dependent response of E.coli to HMME. Cells were in 0 μg/mL LHMME (A), 150 μg/mL HMME(E) ; 
B,F was the ultrastructure image of square frame in A,E; Fig C,D,G,H were the height profiles along the lines in A,B,E,F respectively. 

The average height of the cell decreased from 389 nm(Fig C) to 318nm (Fig G) and the cell membrane height decreased from 45 nm(Fig 
D) to 20nm(Fig H). The membrane of control cells was smooth (Fig D) and cells reacted with HMME was ruptured into many pieces 

(black arrows in F showed). Scanning area: A. 6µm2, B,F. 500nm2, E. 3 μm2. 



������	
��
������������	����./ ��� !(2008) 48(10)                           1381 

 

 

3  �� 

PDT �������	
�[1]�
������

����
������
	����� !"#�

!"#�
���$%&'()*�	+,-(./

01/2./03	456+,7�2'�	8-(9

:#84;6+,7<=>?@AB�G+1 G−C PDT

DE�FGHIJK[7,8]<LMNO�1NPG�
�

��HQRDS G+�(��TC G-QUVBW<XY

Z�/[ G−\]���^_`�C
��� abc

HQde�dfa
��1��g�_ h[8]<iH


��'gjk)l�mnopq�r�HQDS G-�

(�[9]<stuvwxE�*yzE1{|zE�


}~���������_`���[9]������

^_`�����<�H��AB��E�
���

~� DNA ��I�[10]<H���c����
��

C���
�~Q,�V�������T�/[�

� lP¡3�
���	�
�Q,[11]<
����

��¢£¤���lg���¥�¦§¨�����

�©gª«�¬­
��®¯ a��©°±�
�

���<²
³´µYZ¶·¸l´8¹�Vº1�

»�
¼½��	¾¿À�¤�a��^ÀÁÂl�

�~[11]< 

HMME'�Eop� AFMÃÄWÅ�HMMEC�

E���jkYZ�ÆAÇ_`<�� HMMEÈÉ�Ê

Ë�S. aureus
Ì�AÇÍÎjÏ ÐÑÒ�ÓÔÕÖ�

E�×ØHAÇÙÚ)�ÛÜÝ©Þ)ßà<HMMEC

E.coli�
�~opVBW�á�Æ��_`Ãâã�ä

å
�~���AÇæçèéÔÏê<ëB G+ì G-íî

[� HMME
��ï}�g��� HMME��E
�

��~�YZ
S<HMMEðñGRòó[�E��^

1��gÀ�ô
��õ-(9#81Æö~G8%&

���E��^·g÷ø�¤��E��<nÒùúq�

HMME '*yzEopõ�ÜÝ� HMME ÈÉÊ*û

150 μg/mL õ��EAÇråÝbü���X�/[ý

þ��GE\]���^_`dfa HMME '��g

�_h��T¼�aÆï�op[9]<���B HMMEC

�����«	YZ�Æ��g<AFM
��
��³

À¨b����E��ïE
���a��¹���< 

4  ����� 

HMME

�opqC S. aureusAÇ_`�j

k� E.coli�"�AFMÃâWÅ��� G+�� G-


HMME �
��opq����E��AÇ�û�

"���ÛÜÝ©Þ)ßà�ëBg��� PDT �

�E���b�YZ
S[11]<AFM ���³À�B

a HMME � APDT 
��ðñG����E���

gG_`�
��?@�E��ïE
���ab�

�������¹��< 

 
!"#$�%"&'&(·�E()g��

ðñGR)*">
���î�
��ï�� ²

APDT+�b>,-%.Q�/0H12�}E34<

T$	�W�5o
.�67��#_`A89:�

+
���@DE�'�E�op
S�̈ T;Ü<

6
�¹op�DE��=¨b�,p[9>(-

1?@ÜABCB"Z�op< 

 

�  �  �  � 

[1] Maisch T. Anti-microbial photodynamic therapy: useful in the 

future? Lasers Med Sci, 2007, 22: 83−91. 

[2] Castano AP, Mroz P, Hamblin MR. Photodynamic therapy and 

anti-tumour Immunity. Nat Rev Cancer, 2006, 6: 535−545. 

[3] Wainwright M. Photoantimicrobials – a PACT against resistance 

and infection. Drugs of the Future, 2004, 29: 85−93. 

[4] ���. ����	
��
�������������. �

�����(Journal of Laser Medicine & Surgery ), 2001, 

10 (1): 44−47. 

[5] Parot1P, Dufreˆne YF, Hinterdorfer P, et al. Past, present and fu-

ture of atomic force microscopy in life sciences and medicine. J 

Mol Recognit, 2007, 20: 418−431. 

[6] �� , !"#, $%&, '. ()*+�,-./0123

�456378. 9:��78(Journal of Oral Science Re-

search), 2006, 22(4): 368−371. 

[7] Taylor PW, Stapleton PD, Luzio P. New ways to treat bacterial 

infections. Drug Discov Today, 2002, 7: 1086−1091. 

[8] Maisch T, Szeimies RM, Jori G, et al. Antibacterial photody-

namic therapy in dermatology. Photochem Photobiol Sci, 2004, 3: 

907−917.  

[9] Nitzan Y, Gutterman M, Malik Z, et al. Inactivation of 

gram-negative bacteria by photosensitized porphyrins. Photo-

chem Photobiol, 1992, 55: 89−96. 

[10] Menezes S, Capella MA, Caldas LR. Photodynamic action of 

methylene blue: repair and mutation in Escherichia coli. J 

Photochem Photobiol B, 1990, 5: 505−517. 

[11] Bliss JM, Bigelow CE, Foster TH, et al. Susceptibility of Can-

dida species to photodynamic effects of Photofrin. Antimicrob 

Agent Chemother, 2004, 48: 2000−2006.



1382  Hua Jin et al. /Acta Microbiologica Sinica (2008) 48(10) 

  

 

 

Observation of bacteria photodynamic inactivation induced by hematoporph- 
 vrin monomethyl ether by atomic force microscope  

Hua Jin1, Hongxia Zhao1,2, Yaqing Ren3, Yangzhe Wu1, Jiye Cai1*  

(1Chemistry Department, 3College of Science and Technology, Jinan University Guangzhou 510632, China) 

(2Faculty of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510090, China) 

Abstract: [Objective] To study the photodynamic inactivation of Gram-positive bacteria Staphylococcus aureus and 

Gram-negative bacteria Escherichia coli by hematoporyrin monomethyl ether. [Methods] Bacteria incubated with differ-

ent concentrations of hematoporyrin monomethyl ether (HMME) and then irradiated with visual light for 30minutes, bac-

teria inactivation efficiency was detected with the reduction of colony unit, and morphological changes were observed 

with atomic force microscope (AFM). [Results] Results indicated that 90% of Staphylococcus aureus was photoinacti-

vated by illumination with visible light for 30 min (power density 200 mW/cm2) in the presence of 50 μg/mL HMME. The 

bacteria killing efficiency to Staphylococcus aureus with light irradiation was much obvious than that in dark at the same 

concentration of HMME, although without noticeable damage to E. coli with illumination or in dark. AFM ultrastructure 

images showed that the cells surface of photodynamic inactivated bacteria was all damaged seriously without the leakage 

of cell contents. [Conclusion] We concluded that the attacked sites to bacteria cells by hematoporyrin monomethyl ether 

were bacteria membrane structure. Atomic force microscopy provides us a visual technique to study the mechanism of 

bacteria reacted with photosensitizers. 

Keywords: hematoporyrin monomethyl ether; Staphylococcus aureus; Escherichia coli; photodynamic therapy; atomic force 
microscopy 
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