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Application o atomic force microscopy in the characterization o cel
mor phology o Bacillus Cereus bacteria in the biosorption process o

heavy metal ions
CE Xiaopeng, PAN Jianhua, LIU Ruixia TANG Hongxiab  (SKLEAC Sate Key Laboratory for Environmenta Aquatic Chen
igry , Research Certer for Eoo- Evironmenta Sciences, Chinese Academy of Sciences, Bdjing  100085)
Abstract : Atommic force microsoopy (ARM) has been used to i nvedtigate the morphology of the cell sufacesof Badillus Cereus in the biosorption
processdf heavy metd ions. Changesin the cdl suface sructuresinduding the sze, shgpe and propertiesdf the bacteria under different meda
oonditions and the Pb( ) ion exposure aswell are probed and characterized through sectiond andys's. While nealy cultivated Badill us cereus
cdls usudly have a srooth suface and may have a variety in their cdl dmensonsfrom dfferent bacterid colonies, cdls ter trested in 0 1
ol - L~ * HNO; or EDTA for overnight becorme nore rough in their cdl suface, but remain to preserve the integrity o their cdl dructure such
as the shape and size, inplying thet the trestment with O 1 nol- L~ * HNO; or EDTA dbes mot cause any mejor change in the cdll structure and
probably can rdease only the acidic or hinding stesoccupied by the metd ionson the cdl suface. The norphology of Bacillus Cereus bacteria
in the control blank without Po( ) is roc-like in shape with a sTooth suface, the size dmensdon of which is about 3 34 min lengh with a
sction prdfile of 1. I minwidth and 0. 3- 0. 44 min height. The bacteria cdls are usudly found to form a larger roctlike utrar gructure with
internd cells connected from end to end. With the Pb( ) ion exposure the larger ultrar gructures of the bacteria cells are mostly di sonnect-
ed, and the sze dmendons o the bacteria cdls are enlarged. The lengh of the bacteria cdlsis 3 9u m, the wicth and height in the section
prdfile are 3. 1u m and 1. 154 m, regpectively. Further nore, the sufaces of the bacteria cdlls are nore roughened, and the cdls are nore
likely to adhere to each other randomly.

Through the use o section andys's, one interesting pheromeron in the norphological observation of Bacillus Cereus bacteria has been
found, i.e. the digortion o section prcfile in the verticad direction rdaive to the laterd drection. The cross section shepe isfar fromacircde
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or asmi-drde, but like an arch. Thisis atributed to the norphologica changesd the sft sanple itsaf when adsorbed onto mica subgtances,
and is believed to be due to the different interaction forces between the bacteria and subgtrate surfaces, such as the suface charges (both sanr
ple and subgrate sufaces) in cooperation with internd forces of the bacteria sarple etc. Thistype df change has o range linit and varies quite
alot, depending on sanple and surface properties in the particuar environment. Nevertheless, it can be characterized by the ratio o verticad
vs. laterd digancesin the sectiond prdfile , through which the morphological changes o the bacteria cdlswith Po( ) exposurein reation to
the control blank without Po( ) arefound, the R vaue varying from 0. 165 to 0. 416.

Keywor ds: aomic force microsoopy (ARM) ; Badillus Cereus bacteria; biosorption; cell morphology
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Fg.1 ARM imegesd the norphology of Badillus cereus cells a mica surface and the changes of cell surface gtructure
under different media conditions((a) and (b) nemy cultivated bacteria cdls with variety in sze; (c) dter
trested in 0. 1 ol - L~ HNO; for overnight ; (d) &fter trested in 0. 1 ol - L - * EDTA for overnight)
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Fig.2 APV imagesd Bacdillus Cereus bacteria under the exposure to different amountsof Po( ) ions (lon srength
0.01nol-L"*; pH=5.5) ((a) Control blank of Bacillus Ceres; (b) 10U g-ni " Po( ) iomrexposed
cdls; (c) 200 g L~ Po( ) ionrexposed cels; (d) 50p gl "t Pb( ) ionexposed cdls)
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Fg.3 doseup ARM images of Bacillus Cereus bacteria cells under exposure to Pb( ) ionsin conrparison with the control blank and
their sectiond andyss ((a) and (b) Deflection imagesd the bacteria; (c) and (d) Topogrgphica imagesd the cdlls; (e) and
(f) Section andys's prdfiles of the bacteria; Left (a, ¢, ) Gontrol blank of the Bacillus Cereus bacteria; Right (b, d, f)
50 g Lt Po( ) ionrexposed becteria cdlls)
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Fg.d Changesd tie cdl suface properties of Bacillus Cereus bacteria and cedlls adhering to each other dter
Pb( ) expostion((a) Topographica imege; (b) Deflection image)

z/nm
3500.0

1750.0

3500.0

1750.0

50 7.5 100

x/um

2.5

((@ 20ugni 'Po
() sopg L tRo( )

5 Po( )
() ; (o) (o) 3Bougni tRo( )

)
Fig.5 Changes and the collgose of cell dructure of the Bacillus Cereus bacteria dter uptake of Po( ) ((a) 20 g

mPb( ) ionrexposed cdls; (b) and (c) 30U g -l *Pb( ) ion-eposed cdls; (d) 50pg-ml 1Po

() iorrexosed cdls)
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