
Introduction

The Schiff-base was characterized with its antibacte-

rial and anti-tumor properties [1–4]. A series of

Schiff-bases were synthesized to develop the potential

drugs for purposes of diminishing inflammation and

curing cancer. Recently, both transition metals and

f-block metals with Schiff-base ligand have drawn

wide attention because these complexes have exhibited

excellent biological effect [5, 6]. The coordination

ability of transition metals and f-block metals helps to

enhance the biological effect of Schiff-base com-

plexes. N,N’-ethylenebis (3-methoxysalideneiminato)

zinc(II) holmium(III) nitrate was synthesized and char-

acterized [7]. The structure of the Schiff-base ligand

(H2L) and the complex (ZnHo(NO3)3L) are shown in

Fig. 1. This hetero-bimetallic complex contains both

transition metal (zinc) and f-block metal (holmium)

with Schiff-base ligand.

E. coli was employed in this study to investigate

the biological effect of bimetallic Schiff-base complex.

E. coli, a class of Gram-negative bacteria, has been stud-

ied extensively on the outer membrane [8, 9]. Lipo-

polysaccharide (LPS), a major component of the surface

of Gram-negative bacteria, is composed of lipid A, an

inner core and an outer core, and the units of O-antigen.

The LPS is an important entity in determining outer

membrane barrier function and the virulence of

Gram-negative pathogens. LPS is often referred to as

endotoxin, which is responsible for the pathophysio-

logical phenomena associated with Gram-negative in-

fections [10, 11]. There is considerable interest in under-

standing the properties of LPS and its interaction with

complexes because LPS is involved in developing new

anti-bacterial drug for treatment of pathology induced

by Gram-negative bacteria [11].

Here we reported the growth curves of E. coli in

the presence of binuclear Schiff-base complex by

microcalorimetry. As a bioactivity monitor, microcalori-

metry is a non-destructive and non-invasive method for

monitoring a variety of processes, such as metabolism

of microorganisms [12, 13]. Furthermore, scanning

electron microscopy (SEM) observation and inductively

coupled plasma-mass spectrometry (ICP-MS) analysis

gave us addition insight into the biological effect of

binuclear Schiff-base complex on E. coli.
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Fig. 1 The structure diagram of Schiff-base ligand (H2L) and

the complex (ZnHo(NO3)3L) with both transition and

f-block metals. NO3 was omitted for clarity
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Experimental

Materials

Escherchia coli (K12) was provided by the Chinese

Center for Type Culture Collections of Wuhan Univer-

sity. The LB culture was sterilized in high-pressure

steam at 120°C for 30 min. N,N’-Ethylenebis(3-

methoxysalideneiminato)zinc(II)holmium(III)nitrate

was prepared according to literature procedure [7].

Methods

Microcalorimetry

LKB 2277 Bioactivity Monitor (Thermometric AB,

Sweden), which is a type of heat conduction micro-

calorimeter, was designed to monitor continuously

heat released or absorbed in a series of processes,

such as the metabolism of cells. The performance and

the details of this instrument have been described

previously [12–14].

E. coli was inoculated in the prepared LB cultures

containing different amount of H2L or ZnHo(NO3)3L.

Then the solutions were put into the calorimeter to

monitor the growth of E. coli cells in the presence of

the complex. The metabolic thermogenic curves were

recorded in real time.

SEM observation

After E. coli was grown to stationary phase, the cells

were washed and collected. Glutaraldehyde and os-

mium tetraoxide (OsO4) were used to fix and dehydrate

the protein (or lipid) in cells. Double fixation by oxidi-

zation after reduction made the most of the characteris-

tics of two different fixatives, providing satisfactory

results. Then the cells were dehydrated in a series of in-

creasing concentration of ethanol (50, 60, 70, 80, 90,

95, 100%). After the E. coli cells were fixed and dehy-

drated, they were observed by SEM (LEO-1530).

Confirmation of the Schiff-base absorption by E. coli

E. coli was incubated in 2 pieces of LB cultures, one

of them containing 5.0 �g mL–1 ZnHo(NO3)3L. After

the cells grow to stationary phase at 37°C, they were

centrifuged and collected. The cells were then re-sus-

pended in a solution of 0.9% NaCl. The operation was

repeated 4 times to remove the media completely.

The pellet was incubated in HNO3 and HClO4

until a clear solution was formed. The solution was

diluted to the origin volume of bacteria solution for

the determination of Ho3+, Zn2+ concentration using

ICP-MS (PE-SCITEX, API 365). Ultra-pure water

was used for dilution.

Results and discussion

All biological processes coincide with heat release or

absorption, e.g. the metabolism of bacteria. Micro-

calorimetry can monitor the bacteria growth by mea-

suring very small heat flow as a non-destructive and

non-invasive technique [13]. Figures 2a and b have

shown the growth process of E. coli in the presence of

H2L and ZnHo(NO3)3L, respectively. According to

thermogenic curves in Fig. 2, the presence of H2L has a

little effect on E. coli growth. Lag phase was prolonged

with the increasing concentration of H2L. No obvious

change was observed about the maximum heat power

and the metabolism in growth process. From Fig. 2b,

the Schiff-base ligand with 3d,4f-bi-metals are ob-

served to show strong inhibitory effect on E. coli
growth. The growth rate of E. coli in the presence of

ZnHo(NO3)3L decreased significantly and generation

time prolonged accordingly. With the increasing

amount of ZnHo(NO3)3L in culture, the heat output

power of E. coli cells decreased. When the concentra-

tion increased to 7.5 �g mL–1, the growth of bacteria

was inhibited completely and no heat released from

metabolism was detected.
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Fig. 2 The metabolic thermogenic curves of E. coli cells in the

presence of a – H2L and b – ZnHo(NO3)3L;

A – control, B – 1.5, C – 3.0, D – 4.5, E – 6.0,

F – 7.5 �g mL–1



To analyze the mechanism that E. coli growth was

inhibited in the presence of binuclear Schiff-base com-

plex, E. coli cells were observed by SEM after grown

to stationary phase. Columns A and B in Fig. 3 showed

the native cells and cells grown in the presence of

ZnHo(NO3)3L, respectively. From graph A1 and B1, it

can be seen that the native cells were separated uni-

formly, while cells in the presence of ZnHo(NO3)3L

conglomerated. The cells were observed in different

scanning area in images A2, A3 and B2, B3 after di-

luted to 10 tenth. The conglomeration of E. coli cells in

the presence of ZnHo(NO3)3L can be observed more

clearly in image (B3). The outer membrane of cells

was ‘melted’ to some extent. Cells were conglutinated

by the melting LPS, which is the main component of

the cell wall (outer membrane). According to the re-

sults of microcalorimetry and SEM, inhibition of

E. coli growth can be attributed to the disassembly of

the cell wall. The hetero-bimetallic complex has stron-

ger inhibitory effect on bacteria than exclusively the

ligand because both transition metals and f-block met-

als have strong affinity to coordinate with the macro-

molecule on cell surfaces [15, 16].

LPS on the surface of Gram-negative bacteria is

called endotoxin because it causes fever and pathol-

ogy when injected into animals [17]. The complica-

tion of Gram-negative infections is a common cause

in debilitated patients. Considerable progress has

been made in defining the mechanism by which

endotoxin interacts with animal cells [18]. During in-

fections, LPS can dissociate from bacteria and deliver

to a surface protein of macrophages and other LPS-re-
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Fig. 3 SEM images of the native E. coli cells (column A) and the cells grown in the presence ZnHo(NO3)3L (column B)



sponsive cells. One of the approaches to the treatment

of endotoxin-induced shock is to block the activation

of macrophages [19]. According to images in col-

umn B of Fig. 3, presence of ZnHo(NO3)3L leads to

the destroying of outer membrane (LPS) and con-

glomeration of cells, which is an evidence of interac-

tion between ZnHo(NO3)3L and LPS. The ability of

both transition metals and f-block metals to coordi-

nate with oxygen in LPS molecule may be the basis of

the toxicity of the complex.

The concentration of Ho3+ and Zn2+ in two

groups of E. coli cells were determined by ICP-MS to

evaluate the effect of ZnHo(NO3)3L after interaction

with the outer membrane of E. coli. From the results

shown in Fig. 4, both Ho3+ and Zn2+ were detected in

the cells grown in the presence of ZnHo(NO3)3L. The

presence of Ho3+ and Zn2+ in cells indicated that the

complex can be absorbed by the bacteria, which con-

firmed the interaction between the Schiff-base and bi-

ological macromolecule. Thus the complex has the

physiological functions and biological effects on the

organelle and macromolecule in cytoplasm. Further

work will be done to elucidate the role that binuclear

Schiff-base complex plays in cells.

Conclusions

Schiff-base, a potential anti-bacterial and anti-cancer

drug, has attracted great attention and interest of re-

searchers. By coordination with transition metals and

f-block metals, the Schiff-base increased its anti-bacte-

rial activity due to the strong affinity of such metal to

oxygen atom or nitrogen atom in macromolecule

[20–23]. It is proposed that oxygen atom in LPS was

drawn from 2,3-diacylglucosamine, which lead to seri-

ous damage of outer cell membrane (LPS). Conse-

quently, the growth of bacteria was inhibited in the

presence of hetero-bimetallic Schiff-base complex. Be-

cause LPS is involved in the endotoxin-induced shock

of Gram-negative bacteria, serious damaging of LPS

by Schiff-base complex will give insight into the treat-

ment of pathology caused by Gram-negative bacteria.

Acknowledgements

We gratefully acknowledge the support of the National Natural

Science Foundation of China (30570015), open fund of state key

laboratory of agricultural microbiology and Qidong Foundation

of Wuhan University of Technology. We also acknowledge Prof.

Wai Kwok Wong of Department of Chemistry, Hong Kong Bap-

tist University for providing the Schiff base compounds.

References

1 Z. H. Chohan, H.-Y. Pervez, A. Rauf, A. Scozzafava and

C. T. Supuran, J. Enzyme Inhib. Medicinal Chem.,

17 (2002) 117.

2 Z. H. Chohan, M. F. Jaffery and C. T. Maimoon,

Metal-Based Drugs, 8 (2001) 95.

3 Y. Wang, Z. Y. Yang and B. D. Wang,

Transition Metal Chem., 30 (2005) 879.

4 M. Jain and R. V. Mukta, Main Group Metal Chem.,

26 (2003) 237.

5 M. Akbar Ali, A. Huq Mirza, R. J. Butcher, M. T. H.

Tarafder, Tan Boon Keat and A. Manaf Ali,

J. Inorg. Biochem., 92 (2002) 141.

6 Z. H. Abd El-Wahab and M. R. El-Sarrag,

Spectrochim. Acta A, 60 (2004) 271.

7 W. K. Wong, H. Liang, W. Y. Wong, Z. Cai, K. F. Li and

K. W. Cheah, New J. Chem., 26 (2002) 275.

8 L. Chen and W. G. Coleman, Jr., J. Bacteriology,

175 (1993) 2534.

9 C. R. H. Raetz, J. Bacteriology, 175 (1993) 5745.

10 C. R. H. Raetz, Annu. Rev. Biochem., 59 (1990) 129.

11 M. Triantafilou, K. Brandenburg, S. Kusumoto, K. Fukase,

A. Mackie, U. Seydel and K. Triantafilou, Biochem. J.,

381 (2004) 527.

12 L. Peng, L. Yi, H. Jia, D. Fengjiao, P. Daiwen and

Q. Songsheng, J. Therm. Anal. Cal., 73 (2003) 843.

13 C. L. Xie, H. K. Tang, Z. H. Song and S. S. Qu,

Thermochim. Acta, 123 (1988) 33.

14 L. Núñez-Regueira, J. A. Rodríguez-Añón,

J. Proupín-Castiñeiras, M. Villanueva-López and

O. Núñez-Fernández, J. Therm. Anal. Cal., 84 (2006) 7.

15 L. Peng, L. Yi and S. Ping, J. Inorg. Biochem., 98 (2004) 68.

16 J. S. C. Chua, A. M. Rofe and P. Coyle, Pediatric Res.,

59 (2006) 355.

17 E. T. Rietschel and H. Brade, Bacterial Endotoxins Sci. Am.,

267 (1992) 4904.

18 P. S. Tobias, K. Soldau and R. J. Ulevitch, J. Biol. Chem.,

264 (1989) 10867.

19 T. Gutsmann, S. O. Hagge, A. David, S. Roes, A. Böhling,

M. U. Hammer and U. Seydel, J. Endotoxin Res.,

11 (2005) 167.

884 J. Therm. Anal. Cal., 89, 2007

PENG et al.

Fig. 4 The concentration of Zn and Ho in the two groups of

E. coli cells; A – native cells, B – cells grown in the

presence of ZnHo(NO3)3L



20 W.-K. Wong, H. Liang and J.-P. Guo, Eur. J. Inorg. Chem.,

4 (2004) 829.

21 P. Yang, Introduction of Bioinorganic Chemistry,

Xi’an Jiaotong University Press, 1991, pp. 281–282.

22 C.-Y. Chen, P.-Q. Zhang and Z.-F. Chai, Anal. Chim. Acta,

439 (2001) 19.

23 Y. M. Dan, Y. R. Zhao, Y. Liu and S. S. Qu,

J. Therm. Anal. Cal., 84 (2006) 531.

Received: May 26, 2006

Accepted: September 7, 2006

OnlineFirst: February 13, 2007

DOI: 10.1007/s10973-006-7899-1

J. Therm. Anal. Cal., 89, 2007 885

STUDY ON BIOLOGICAL EFFECT OF A KIND OF HETERO-BIMETALLIC SCHIFF-BASE



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


