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Metallomics: Current Status and Perspectives 

Hiroki Haraguchi 

525-1-3-506, Shinano-machi, Totsuka-ku, Yokohama 244-0801, Japan (Home address) 

haraguch@gmail.com 

 

ABSTRACT:  In 2004, the paper entitled “Metallomics as Integrated Biometal Science” was 

published in J. Anal. At. Spectromet. [1].   Since then, great efforts have been made to establish 

and promote “metallomics” as a scientific field.  (1) In 2007, “International Symposium on 

Metallomics 2007 (ISM 2007)” was held at Nagoya, Japan, which was followed at Cincinnati, USA, 

in 2009, at Munster, Germany, in 20011, at Oviedo, Spain, in 20013, and then this time at Beijing, 

China.  (2) In 2009, the publication of the academic journal “METALLOMICS” was started by the 

Royal Society of Chemistry, and it has come up to Volume 7, this year.  (3) In 2010, the IUPAC 

Technical Report, “Metallomics: Guidelines for terminology and critical evaluation of analytical 

chemistry approaches” was published in Pure Appl. Chem. [2].   

The following points for metallomics research were emphasized in my first paper [1]; (i) 

complementary cooperation with genomics and proteomics, (ii) promotion of the interdisciplinary 

research to integrate the metal-related scientific fields.  (iii) all-elements analysis of one biological 

cell to obtain metal-fingerprints for the biological species, similar to genetic codes in genes and the 

amino acids-sequence in proteins.  Thus, the literature survey has been performed to know the 

diffusion and progress of metallomics in science [3], mostly via web of science. 

  As an example, 316 (total number) of scientific papers with the quotation of “metallomics” have 

been published since 2004, and the publication ranking of the journals is as follows (the numbers in 

parentheses indicate the number of papers published); METALLOMICS (65), J. ANAL. AT. 

SPECTROMET. (26), ANAL. BIOANAL. CHEM. (19), TALANTA (8), ANALYTICA CHIMICA 

ACTA (8), ANALYTICAL CHEMISTRY (4).  These data seemingly show that the analytical 

chemistry-oriented research is going on more extensively.  On the other hand, since 2009, 945 

papers have been published in “METALLOMICS”, where the larger number of citation is found 

rather for the papers in medical- or pharmaceutical-oriented science with the keywords such as “anti-

cancer drug”, “anti-tumor compound”, “Alzheimer's disease”, “metal carcinogenesis”, “human 

disease”.  The current status of metallomics research will be further considered by comparing the 

literature data for metallomics, genomics, proteomics, and other related scientific fields. 

In addition, our works on multielement analysis of one biological cell and elemental speciation 

using salmon egg cell as the research target will be briefly introduced and discussed from the 

viewpoint of the All Present Theory of the Elements in the biological system.   

KEY WORDS: Metallomics, Integrated biometal ccience, Literature survey, All present theory of 

the elements 
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Metallomics studies on Hg: from chemical speciation to associated 

proteins and functions in organisms   

Xueting Yan, Bin He, Ligang Hu, Jianbo Shi, Guibin Jiang*  

State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-

Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China 

(gbjiang@rcees.ac.cn) 

 

ABSTRACT: The health effect of mercury has been long concerned. In past two decades, we 

investigated its chemical form, distribution in various organisms, its accumulation in the food web, 

and potential molecular mechanism of toxicity in organism. To accomplish these tasks, a serial of 

methods on determination of chemical forms as well as its associated biological macromolecules 

were developed. These methods generally involve high-resolution separation and metal specific 

determination techniques, including GC-ICP-MS, GC-AFS, HPLC-AFS, HPLC-ICP-MS and CE-

ICP-MS. Multiple dimensional separating/detecting systems were also developed to cope with the 

complex samples, especially to the Hg associated-proteins in biological samples. Our studies 

showed that Hg, including inorganic and methylated forms, could be significantly monitored in 

mollusks, fishes, minks, and other mammalians. Further studies demonstrated that Hg mainly 

distributed in specific organs. For example, the high concentration of Hg was observed in the brain 

and liver in exposed medaka. Through metalloproteomics approach, specific Hg-associated proteins 

were identified in these fishes, i.e., transferrin and alpha-macroglobulin. Moreover, it was found 

that methylated form could be biomagnified in food chains with trophic levels. Recently, we 

conducted comparative proteomic study on the changes of protein pattern in SK-N-SH cell lines 

under MeHg and HgCl2 exposure. Several similar mechanisms seem to be involved in the toxicity 

of HgCl2 and MeHg, such as oxidative stress, protein modification and immune system process. 

Nevertheless, the involved cellular pathways were disparate; HgCl2 altered the expression of protein 

associated with cell death, while MeHg had a strong influence on RNA splicing.  

 

KEY WORDS: Metallomics, Mercury, Speciation, spectrometry, toxicity  
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The metallomics toolbox: recent advances and development trends  

Ryszard Lobinski*   

CNRS, Laboratoire de Chimie Analytique Bio-inorganique et Environnement, UMR 5254-IPREM 
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ABSTRACT: The concept of metallomics was introduced as an extension of Ida Noddack’s theory 

by H. Haraguchi, postulating that all the naturally occurring elements of the periodic table can be 

found in a biological sample (cell), however small it is, provided that the analytical technique used 

is sensitive enough [1]. The concentration ratios of the individual elements are controlled by the 

physiology and biochemistry of an organism, and thus, ultimately by its genome, which was 

reflected in the concept of ionomics [2]. The metal-induced gene expression results in the synthesis 

of a myriad of biological ligands on the proteome and metabolome level implied in the uptake, 

trafficking, accumulating and excreting trace elements, making information on the metal speciation 

an essential contribution to the understanding of the role and fate of metals in a biological system 

[3]. Also, there appears evidence that biochemical and physiological processes can contribute to the 

fractionation of mineral elements on the isotopic level [4], as it has been well established for oxygen, 

nitrogen or sulfur.   

The status of a mineral element in a biological system can be defined by: (i) concentration (possibly 

isotopic composition), (ii) chemical speciation and (iii) localization. The control of all the three is 

essential for cellular metal homeostasis. Therefore there is a need for analytical methods able to 

provide the necessary information for all the elements, for the maximum of species and with a 

maximum spatial resolution at an adequate time scale.  

The paper discusses the state of the art of the development of such a “metallomics toolbox”, its 

recent advances and evolution trends. Particular attention is given to global approaches aimed at a 

simultaneous comprehensive speciation analysis of one or several elements. The topics discussed 

will include large-scale selenometbolomics, human selenoproteomics, and global metabolomics of 

metal complexes, especially in the context of the recent advances in high resolution (Fourier 

Transform) electrospray mass spectrometry. Trends in the other fields of analytical metallomics: 

multielement microanalysis, high-resolution multicollector ICP MS and laser ablation and 

nanoSIMS imaging will be briefly overviewed.  

KEY WORDS: mass spectrometry, trace analysis, speciation, localization, isotope fractionation  
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New Machines and Methods for Metallomics 

Gary M. Hieftje1*, Steven J. Ray1, Andrew J. Schwartz1, Elise A. Dennis1, Yan Cheung1, Christie 

G. Enke2, Charles J. Barinaga3, David W. Koppenaal3 
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2. Department of Chemistry, University of New Mexico, Albuquerque NM USA 87131 

3. Pacific Northwest National Laboratory, Richland, WA 99352, USA 
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ABSTRACT: In the field of Metallomics, as in many other areas of scientific investigation, the 

availability of higher-performance tools can mean the difference between success and failure, or 

between feasibility and impracticality. As far as analytical measurements are concerned, many 

studies reduce to the determination of molecular (often biomolecular) species on the one hand, and 

metals on the other. In these determinations, key figures of merit include sensitivity, selectivity,and 

information content. It is therefore not surprising that critical tools in metallomics have become 

time-of-flight mass spectrometry (TOFMS) for biomolecular characterization, and inductively 

coupled plasma mass spectrometry (ICP-MS) for the detection and quantification of metals. In this 

presentation, two new tools for these methods will be described and evaluated.  For metal 

determination, a new sort of plasma has become available. Sustained in nitrogen rather than argon, 

and driven by a moderate-power, low-cost microwave generator, the new ICP is fully magnetically 

coupled, can operate with high-solids solutions introduced into it, and delivers figures of merit 

comparable or superior to those of the conventional radiofrequency argon ICP.  The new mass 

spectrometer is based on a conventional TOFMS but operates in two alternating modes. In one mode, 

a conventional TOFMS spectrum is produced, with a virtually unlimited mass range. In the second 

mode, resolution is substantially enhanced, but mass range is narrowed.   Because this alternate 

mode is similar to what is experienced with a “zoom” lens in a photographic camera, it has been 

termed “zoom-TOF”. It will be shown that zoom-TOF is an outgrowth of Distance-of-flight mass 

spectrometry, which will be described in another presentation at this conference. The performance 

of both the new nitrogen-supported ICP and the zoom-TOF spectrometer will be described and 

evaluated, and their potential impact on the field of Metallomics examined.   

KEY WORDS: nitrogen-sustained ICP; high-resolution time-of-flight MS. 
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Targeted metallomics studies of arsenic binding to proteins  

X. Chris Le 1*, Qingqing Liu, Xiufen Lu1, Hanyong Peng1, Aleksandra Popowich1, Xiaowen 

Yan1, Qi Zhang1, Xing-Fang Li1, William Cullen2, Michael Weinfeld3  

 

1. Division of Analytical and Environmental Toxicology, Department of Laboratory Medicine 
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ABSTRACT: Arsenic binding to proteins plays an important role in various biological 

processes. Further knowledge of arsenic binding to proteins will advance the development of 

bioanalytical techniques, understanding of arsenic health effects, and development of 

therapeutic drugs. We describe a targeted metallomics approach and its application to studies 

of arsenic-binding proteins. Arsenic affinity chromatography is used for purification and 

capture of thiol-containing proteins. Its combination with mass spectrometry provides a 

targeted proteomic approach for studying the interactions between arsenicals and proteins in 

cells. Binding of arsenic to the promyelocytic leukemia fusion oncoprotein could be a plausible 

biochemical basis for the successful treatment of acute promyelocytic leukemia. Identification 

of other oncoproteins critical to other cancers is necessary to explore potential treatment of 

other types of cancers. We also discuss recent work on imaging of cellular events using arsenic 

probes, biosensing of arsenic, and development of arsenic-based drugs and targeted delivery 

systems. These demonstrate diverse applications of targeted metallomics.  

KEY WORDS: arsenic; affinity interaction; biosensing; mass spectrometry; protein binding 
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Integrative Metallomic Approach to Identify Metalloproteins in Microbes 

Hongzhe Sun*, Yau-Tsz Lai, Ligang Hu, Hongyan Li, Haibo Wang, Yuen-Yan Chang  

Department of Chemistry, The University of Hong Kong, Pokfulam Road, Hong Kong, P. R. 
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Corresponding author e-mail: hsun@hku.hk 

 

ABSTRACT: Metal ions operate as cofactors for around 40% enzymes, however, they also exhibit 

toxic effects. It is crucial to identify metal-protein interactions at a proteome-wide scale (1) which 

are difficult due to some weak and transient interactions. We developed an integrated approach 

consisting of gel electrophoresis and inductively coupled plasma mass spectrometry, LA-ICP-MS, 

IMAC, fluorescence and bioinformatic approach to identify metal-associated proteins using bismuth 

antiulcer drug as an example (2, 3). Using such an approach, we have identified metal-associated 

proteins as well as to quantify the metals for fast metallome/proteome-wide profiling of metal-

binding proteins. Metal-tunable fluorescence probe can track both His-tagged proteins and metal-

binding proteins in live cells (4). We recently investigated how bismuth (III) drugs are metabolized 

by mammalian cells and why the heavy metal is toxic to certain pathogens but not humans. We 

demonstrated that >90% of bismuth was passively absorbed, conjugated to glutathione and 

transported into vesicles by MRP transporter (2). 

We further established a bioinformatic method which allows potential metal-binding proteins both 

sequentially and spaciously to be searched (5). We show that histidine-rich proteins (HRPs) are 

extensively distributed in prokaryotic proteomes, with the majority of HRPs being involved in metal 

homeostasis. Importantly, the occurrence of histidine-rich proteins in the proteomes of prokaryotes 

is related to their habitats. 

This work was supported by the RGC of Hong Kong (7039/13P, 173046/14P), and HKU (for an e-

SRT on Integrative Biology).  
KEY WORDS: Metallomics, protein, bismuth, fluorescence 
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Analyses of Nanoparticles Interactions with Biological System  

in vitro & in vivo 

Yuliang Zhao, Zhifang Chai  

CAS Key Laboratory for Biomedical Effects of Nanomaterials and Nanosafety, National Center 

for Nanosciences and Technology and Institute of High Energy Physics, Chinese Academy of 

Sciences (CAS), Beijing, China 

Corresponding author email: zhaoyl@nanoctr.cn, and chaizf@ihep.ac.cn  

ABSTRACT: In the biological and medical nanotechnology, one of the most difficult things is 

the rational characterization of nanomaterials interaction in biological systems, because the current 

approaches developed for biomedical sciences are mostly not adequate for the need of the proper 

analyses of nanomaterials when in such complex systems as cells and living body. So far, most of 

categories of biomedical processes still remain as less understanding because of lacking of analytical 

approaches for characterization of the numerous types of different interactions among the 

endogeneous matter or exogeneous substance in vivo. In the talk, we will present the current 

analytical approaches for quantifying and imaging metal-contained nanomaterials interactions with 

different biological levels like cell, tissues and living body. To be concise and concentrative, we will 

mostly focus on the scientific approaches for analyses of nanomaterials interactions in biomedical 

applications, including the quantification approaches of nanomaterials in biological systems, the 

characterization of nano/bio weak-interactions which play key roles in determining biomedical 

behaviors (function or toxicity) of nanomaterials in vivo, such as the new approaches recently 

developed for analyses of nano/bio interactions like the protein-nanosurface interaction, etc. We will 

show how these approaches help us to understand the medical/toxicological effects of nanomaterials 

at the molecular, cellular, organ/tissue and systemic nano/bio interfaces in vivo, and future discuss 

major challenges in analysis methodology at nano/bio interface. 

 

 

 

 

 

Figure 1 The cellular uptake processes of metal-contained nanoparticles analyzed by SRXF scanning imaging 

with biochemical analyses uncovered their quantitative behaviors during their interactions inside a single cell.  
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Synchrotron radiation-based techniques for revealing cellular 

trafficking and transformation of nanomaterials in biological systems 

Chunying Chen 1,*, Liming Wang2, Xiumei Jiang1, Yuliang Zhao1, Zhifang Chai2   

1. CAS Key Laboratory for Biomedical Effects of Nanomaterials and Nanosafety, National Center 

for Nanoscience and Technology, Beijing 100190, China  

2. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China.  

Corresponding author email: chenchy@nanoctr.cn.  

 

ABSTRACT: 

Nowadays, nanotechnology has experienced a rapid development and many different nanoparticles 

are incorporated in many products, such as medicine, sunscreens, cosmetics, paints, electronic 

devices and water purification systems, due to their unique properties. It is important to obtain a 

better understanding of the uptake, trafficking, pharmacokinetics, clearance, and role of 

nanomaterials in biological systems, so that their possible undesirable effects can be avoided. 

Chemical speciation, dynamics and kinetics of nanomaterials in biological systems are extremely 

necessary since we have very limited knowledge. To predict potential medical value or toxicity of 

nanomaterials, it is necessary to understand the chemical transformation during intracellular 

processes of NPs. However, it is a grand challenge to capture a high-resolution image of metallic 

NPs in a single cell and the chemical information on intracellular NPs.  

In this talk, we will focus on the uptake, accumulation and metabolism of a couple of metallic or 

metal-containing nanomaterials, such as gold nanoparticles and nanorods, quantum dots, iron oxides 

nanoparticles, and endohedral metallofullerenes in biological systems. The state-of-the art analytical 

methodology and tools are playing important roles in the study of nanotoxicology and nanobiology 

by taking advantages of absolute quantification, high sensitivity, excellent accuracy and precision, 

low matrix effects and non-destructiveness. As an example, in our study, the combination of μ-

SRXRF and microbeam X-ray absorbance near edge structure (μ-XANES) can simultaneously 

provide information about the subcellular distribution and chemical species of metal-containing 

nanomaterials of interest.  

KEY WORDS: Nanomaterials, cellular uptake, chemical transformation, biological effects. 
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Hyphenated techniques for studying the distribution and metabolism 

of metallodrugs  
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ABSTRACT:  

Metallodrugs, often used either as chemotherapeutics in cancer therapy or as contrast agents for 

imaging diagnostics are widely applied since many years. Despite their broad application, 

information about side effects and the involved mechanisms is still not fully available. Since 

metallodrugs are compounds with an inherent "metal tag" their detection and determination is 

facilitated by elemental mass spectrometry (ICP-MS).  

In order to gain more specific information about the distribution and metabolism of such compounds 

in target organs and tissues, sensitive detection by ICP-MS has to be coupled with different sampling 

and separation modules. While the ICP-MS detection of metal-compounds provides sensitive 

detection and facilitates screening for metabolites, structural information has to be provided by 

molecular mass spectrometry. Hyphenation of the mass spectrometry detection system with different 

HPLC separation techniques provides the selectivity to identify compounds, metabolites and 

binding partners.  

Electrochemical cells can be used to simulate some of the potential pathways of phase-1 metabolism 

of metallodrugs. The on-line coupling of such cells with mass spectrometry even allows for the 

detection of reactive metabolites that otherwise are not easily accessible. Information about the 

distribution of metallodrugs in tissue sections of different organs can be obtained by coupling mass 

spectrometric detection with laser based sampling. Again, the combined use of both elemental and 

molecular mass spectrometry provides the information necessary for identification, quantification 

and localization of compounds. Using the examples of the chemotherapeutics cis-platin and the Gd-

based MRI contrast agents, the information obtainable from these hyphenated techniques shall be 

discussed.  

KEY WORDS: Metallodrugs, Hyphenated techniques, LC-ICP-MS, LA-ICP-MS, EC/MS. 
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Innovative Instrumentation, Methods and Applications of Laser 

Induced Breakdown Spectroscopy 

Yixiang Duan 

Research Center of Analytical Instrumentation, College of Life Science, Sichuan University, 

Chengdu, China 

 

ABSTRACT: LIBS has been considered as a promising technology for elemental, especially metal 

analysis owing to its unique advantages and it has been developed rapidly in recent years. With the 

financial support from National Major Scientific Instruments and Equipment Development Special 

Funds, our research group has been working for several years to develop a series of instruments 

based on LIBS technologies, including desktop, portable, and handheld LIBS device. LIBRAS, a 

new and breakthrough instrument, combined LIBS with Raman technique, has also been designed 

and developed by our group recently, it can acquire atomic and molecular spectral information 

simultaneously, and can be used for elemental speciation and chemical compound identification.  

 

This presentation will introduce some details about the instrument development process, 

emphasizing the optical and electrical design, system integration, and some critical components 

such as multi-functional sampling chamber, minimized time delay generator, and high resolution 

spectrometer. Besides the instruments, this presentation will also introduce some new analytical 

methods related to direct metal analysis in solution sample by LIBS, developed recently within this 

group. The feasibility and suitability of the newly developed instruments and methods for various 

applications will also be discussed. 

KEY WORDS: Laser Induced Breakdown Spectroscopy; Instrumentation; LIBRAS; metal analysis. 
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Novel Elemental MS tools and bionano approaches for enhanced 

targeted proteomics 

José M. Costa, María L. Fernández, Jorge Ruiz and Alfredo Sanz-Medel* 

Department of Physical and Analytical Chemistry, University of Oviedo,  

Avda. Julian Claveria, 8, 33006 Oviedo, Spain 

asm@uniovi.es 

ABSTRACT 

Mass spectrometry has become a major analytical tool in many disciplines and application areas, in 

particular in bioscience. The final MS applicative success depends on efficient ionization methods 

that should be tailored to the sought particular task or application. Also, the development of new 

instrumentation is today opening up novel avenues to enhance MS capabilities in the frontiers of 

modern bioanalytical research, particularly in the field of metallomics.  

In the search to extract the most complete, selective and sensitive information about the biospecimen 

at hand we will discuss our recent research on the complementary use of elemental and molecular 

MS (ICP-, ESI- or MALDI-MS) for "integral" speciation of proteins. In particular, our recent 

advances on the use of "heteroatom-tagged targeted proteomics" for absolute quantification of 

targeted proteins and their activities (1). As an example, we will show how it was possible to asses 

Glutathione peroxidases enzymatic activity based on quantification of two selenium-bound 

complexes. Also, the potential of using more powerful MS-based analyzers (in particular a modern 

triple quad, QQQ) for enhancing Elemental (ICP)MS in proteins and peptides via direct S and P 

elements determinations will be illustrated (2).  

Finally, we will describe our latest efforts of using metal nanoparticles (NPs) to  label proteins and 

so to amplify enormously the corresponding ICP-MS signals of the NPs-antibodies bioconjugates 

targeting the protein(s) of interest for targeted proteomics issues. The proof of concept of such novel 

approaches and application to real-life simultaneous ICP-MS determinations of a panel of known 

proteins, to act as "early alarm biomarkers" of ocular diseases (e.g. glaucoma), will be finally 

discussed (3).  

KEY WORDS:Elemental Mass Spectrometry, heteroatom-tagged proteomics, NPs-based 

amplification. 
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Visualising mouse neuroanatomy using laser ablation-inductively 

coupled plasma-mass spectrometry imaging 
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ABSTRACT: Recent innovations in antibody metal tagging protocols have facilitated the 

development of next generation imaging approaches for the simultaneous determination of elements 

and molecules in tissue sections. This presentation will highlight the application of gold nanoparticle 

and ytterbium tagged tyrosine hydroxylase antibodies to map the spatial co-localisation of Fe and 

dopamine throughout the entire mouse brain. This presentation will also discuss a mathematical 

approach to identify multiple ‘elemental clusters’ to elucidate brain areas of similar composition 

demonstrating that metal composition follows a hierarchical organisation of neuroanatomical 

structures. This work provides new insight into the distinct compartmentalisation of metals for novel 

avenues of exploration with regard to region-specific, metal-associated neurodegenerative diseases. 

KEY WORDS: Laser Ablation, Inductively Coupled Plasma – Mass Spectrometry, Imaging 
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Metal-tagged biomolecules and cells analysis based on activity- and 

metabolism-labeling strategy 
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ABSTRACT: As the development of novel element-tagging strategies, inductively coupled plasma 

mass spectrometry (ICP-MS) has been applied to detection and absolute quantification of 

biomolecules and cells since the beginning of this century [1-3]. The past more than a decade have 

witnessed momentous elaborations of element-tagging strategy from chemical selective 

modification to activity- and metabolism-based labeling [4]. These novel element-tagging strategies 

enable one to quantify and count targeted biomolecules and cells, offering not only new clinical 

check-up methodology but also valuable information to medical doctors. I will talk about the 

research activities regarding the development of activity- and metabolism-based lanthanide-tagging 

strategies to quantify targeted protein biomarkers and their host cells. Design and synthesis of 

multifunctional molecule for targeting the biomarker and its host cells and for tagging lanthanide as 

well will be talked about. Subsequent analytical methods established for analyzing targeted 

biomarkers, for example, CYP3A4 [5], GSTO1 [6] and PSMA, as well as D-Ala in the 

peptidoglycan cell wall of bacteria will also be presented. 

KEY WORDS: Biomarker, cells, lanthanide-tagging, ICP-MS 
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Fluorescence Sensing of Biological Copper and Zinc 
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ABSTRACT: The detection and quantification of biological trace metals is of critical importance 

for a comprehensive understanding of metal homeostasis in cells, tissues, and whole organisms. To 

this end, we designed and optimized a suite of water-soluble fluorescent probes for sensing Cu(I) 

and Zn(II) within a biological environment. Systematic optimization of the ligand architecture as 

well as electronic tuning of the fluorescence reporter yielded a Cu(I)-selective high-contrast probe 

with a limit of detection in the parts-per-trillion concentration range. To take advantage of two-

photon excitation microscopy, which offers reduced phototoxicity, improved depth penetration, and 

negligible background fluorescence, we developed a series of emission ratiometric probes for Zn(II) 

and Cu(I) with optimized non-linear optical properties. The water-soluble probes retain a balanced 

two-photon cross section upon analyte binding and respond with a strong chromatic shift of the 

fluorescence emission suitable for ratiometric imaging of labile zinc and copper pools in live cells 

and tissues. As a complementary approach we employed synchrotron X-ray fluorescence (SXRF) 

microscopy and 3D microtomography to visualize and quantify the transition metal distribution in 

proliferating cells and in developing zebrafish embryos. 

Financial support by NIH (GM067169), NSF (CHE-1306943), and DOE (DE-AC02-06CH11357) 

is gratefully acknowledged. 

KEY WORDS: fluorescent probes, ratiometric imaging, x-ray fluorescence microtomography  
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Analysis of Nanoparticles with ICP-MS 

Daniel Kutscher 1, Yanping Wang 2, Miao Jing 2,* 

 1. Thermo Fisher Scientific, Germany Bremen 

2. Application and Products, Thermo Fisher Scientific, China Shanghai 
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ABSTRACT: 

The need for nanoparticle (NP) characterization has exploded in recent years due the ever 

increasing use of engineered nanoparticles (EN) in various industries and the consequent studies 

that investigate the environmental and consumer risk. Field Flow Fractionation (FFF) coupled to 

ICP-MS has proven to be one of the most promising. Another promising approach for NP 

characterization is sp-ICP-MS.  

Field Flow Fractionation: Certified gold NPs with 30 nm (NIST 8012) and 60 nm (NIST 8013) 

diameters were used to evaluate the NP separation potential of FFF. Table summarizes the channel, 

membrane and conditions used. Figure 1 shows elution profiles of 30 nm and 60 nm gold NPs. 

Optimization of separation conditions based on detector flow (Vd), cross flow (Vx) and cross flow 

gradient were performed using ISIS, a dedicated software for predicting separation based on the 

input of flow-rates and channel geometry. 

SP: As a final proof of the suitability of the method, locally sourced tap water was diluted 3:1 

in 2 mmol L-1 ammonium citrate and was analyzed without and after addition of Ag NP ś (40 nm, 

5 ng kg-1 total Ag), see figure 2. The determined NP size in tap water was 41 ± 1 nm and is in 

excellent agreement with the expected value. 

 
figure 1                            figure 2 

figure 1. 197 Au FFF-ICP-MS fractograms of 30 nm and 60 nm gold NPs 

figure 2. Analysis of unspiked tap water (top) andspiked tap water (bottom) with sp-ICP-MS 

Both FFF-ICP-MS and sp-ICP-MS bring analytical advantages to the characterization of NPs 

and act as complementary techniques. The integrated FFF-ICP-MS package is fully automated with 

bidirectional control and emergency shut-off features. The completely metal free FFF/IC system 

operates with a single pump and offers a switch option that allows the user to quickly change from 

FFF to IC. The high base sensitivity and low backgrounds of the iCAP Qc ICP-MS offer a particular 

advantage in sp-ICP-MS. 

KEY WORDS: Nanoparticles, signal Particle, Field Flow Fractionation, ICP-MS 
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Is H. pylori HypA a nickel traffic cop? 
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ABSTRACT: As is generally true for all transition metals, Ni trafficking proteins must be able to 

distinguish between Ni and other metal ions with similar physical and chemical properties in order 

to drive metal-specific biological responses and avoid crosstalk. The mechanisms involved in this 

‘metal recognition’ are not well known, although protein allosterics and redox-associated structural 

changes are known to play important roles. Because there are few enzymes (targets) that require Ni 

for activity (e.g., E. coli requires Ni for H2ases under anaerobic conditions; in H. pylori, H2ase and 

urease require Ni), the ‘traffic pattern’ is relatively simple, and Ni trafficking is an attractive model 

system to elucidate some mechanisms used to distinguish metal ions. In addition, since many 

bacterial pathogens (e.g., H. pylori) require Ni, and mammals have no known specific role for Ni, 

targeting bacterial Ni trafficking represents an attractive antibiotic stragegy. HypA is a Ni 

metallochaperone that supplies Ni to hydrogenases. However, in H. pylori, HypA plays a dual role 

and is essential for supplying Ni to urease as well as hydrogenase-two enzymes that are required for 

survival at acid pHs. HypA is also known to form protein complexes with HypB in the hydrogenase 

maturation pathway, and with UreE in the urease maturation pathway. Using mutagenesis, X-ray 

absorption spectroscopy as a structural probe of metal sites, and assays that monitor Ni enzyme 

activity and acid viability, several features of specific metal binding have been illuminated and will 

be discussed. In addition to binding Ni, H. pylori HypA contains Zn sites that are dynamic, 

converting from a Zn(Cys)4 site that is typical of structural Zn centers at pH 7.2 to a Zn(Cys)2(His)2 

center that resembles the canonical Zn–finger structure at pH 6.3 in the presence of Ni(II) ions.1 

Mutations in Zn site ligands result in loss of pH-dependent dynamics in HypA, where Cys ligand 

mutations favor low pH conformation and His ligand mutations favor neutral pH conformation. The 

two limiting Zn site structures correlate with distinct physical and physiological properties, most 

notably Ni binding stoichiometry, urease activity, acid viability of mutant strains of H. pylori,2 and 

the relative affinity for HypB and UreE. These properties suggest that HypA may function to direct 

Ni ions to different targets as a function of cellular conditions. In addition, NMR has been used to 

determine the structure of the HypA homodimer and to identify residues involved in protein 

structural changes that occur under acid conditions.  

KEY WORDS: X-ray, Spectroscopy, Helicobacter pylori, HypA 
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 “Metals and Misfolded Proteins in Alzheimer’s Disease” 

Mi Hee Lim 
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ABSTRACT:Neurodegenerative disorders impose an enormous financial and emotional burden on 

patients, their families, and communities. More than 24 million people worldwide have Alzheimer’s 

disease (AD), a devastating and fatal neurodegenerative disease that remains poorly treated due to 

an incomplete grasp on the disease etiology. A key neuropathological hallmark of AD is amyloid-β 

(Aβ) plaques in the brain. The mechanisms driving formation of these protein aggregates and their 

causal link to dementia are still unclear. An additional observation in the AD brain is the 

accumulation of metal ions, which has been proposed to be associated with Aβ aggregates and 

neuronal death, yet relatively little is known, further sustaining the controversy surrounding this 

aspect of the disease. Even through a large body of continuously reported literature regarding metal 

ions and Aβ species, direct connection of metal-Aβ interaction with AD onset and development has 

been neglected in this field due to lack of appropriate tools and/or tactics. Therefore, we have 

developed chemical tools and/or tactics that are capable of specifically targeting metal-associated 

Aβ species and modulating their interaction and reactivity. Using our chemical tools, we have been 

able to regulate metal-induced Aβ aggregation and neurotoxicity in vitro, in living cells, and in 

primary neurons, along with cognition improvement in the AD mouse model. Here, our rational 

structure-based design principle and recent findings for chemical tools and tactics for investigating 

metal-Aβ chemistry and biology in AD and/or potential therapeutic agents for AD will be 

discussed.1-3 

KEY WORDS: Alzheimer’s disease; amyloid-β; metals; metal-bound amyloid- β; chemical tools 
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On the biosynthesis of arsenic-containing lipids 
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ABSTRACT: Although the presence of lipid-soluble arsenic was first reported in the 1920s in a 

marine sample, little was known about its structure and distribution until more than 80 years later.  

In 2008 and subsequent years, a wide range of novel lipids containing arsenic bound to fatty acids, 

fatty alcohols, hydrocarbons and phospholipids have been identified, based mainly on mass 

spectrometric data.  Interest in the compounds, collectively termed arsenolipids, has increased 

following recent studies showing considerable cytotoxicity for some of them.  In parallel with the 

studies on identification and toxicity, we and several other groups have been investigating the 

biosynthetic pathways for arsenolipids.  This presentation will begin with an overview of the 

various approaches (biological, biochemical and chemical) that have been taken to elucidate the 

biosynthesis of arsenolipids, followed by some recent results from our group in Graz. 

KEY WORDS: Arsenolipids, algae, arsenic metabolism. 
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Zinc signaling in physiology and pathogenesis 

Toshiyuki Fukada 1,* 
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ABSTRACT：Zinc is required for various cellular functions, and abnormal zinc homeostasis gives 

rise to many health problems including growth retardation, impaired bone homeostasis, neuronal 

dysfunctions, and immunodeficiency. Recent studies have provided further support for the important 

roles of zinc homeostasis in physiology and disease onset: zinc acts as a signaling mediator which 

is recognized as “Zinc signaling”, controlled through zinc transporters, channels and 

metallothioneins. Advances of molecular, physiological, and genetic studies have accumulated solid 

evidences showing that zinc signaling participates in health and disease conditions by regulating 

many cellular events.  

I will address zinc signaling contributes to maintain our health, by mainly highlighting the 

maintenance of bone, connective tissues, lymphocytes and immunity, and discuss about “Zinc signal 

axis”; zinc signal selectively controls intracellular signaling and cellular events. With this realization 

that zinc signaling is a critical regulatory system of cellular signaling events, it will become a focus 

of attention for further understanding on the physiological role of zinc homeostasis and human 

disease. 

KEY WORDS：zinc, zinc signaling, zinc transporter 
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Proteins in the Mechanism of Metallodrugs 
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Abstract：Cisplatin is a widely used antitumor drug. It is well-known that DNA is the drug 

target of platinum antitumor agents; however, only small portion of intracellular platinum binds 

to DNA. Proteins are found to play important roles in the drug uptake, DNA repair and drug 

efflux, thus determine the drug efficacy and resistance. Sulfur containing proteins are 

kinetically more favorable than DNA in the reaction to platinum drugs. Copper proteins are 

highly reactive to cisplatin since Cu(I) and Pt(II) have similar binding preference in 

coordination chemistry. The copper transport protein Ctr1 has been found to facilitate the 

cellular uptake of cisplatin. We observed that platinum can transfer from Ctr1 via Atox1 to 

ATPase. This result confirmed that the proteins associated with the cellular homeostasis of 

copper could also be involved in metabolic pathway of cisplatin in the view of chemistry.  

  We discovered that Cox17, the copper chaperon protein for the CCO in mitochondria, also 

facilitates the platinum delivery to mitochondria, and such delivery contributes to the overall 

cytotoxicity of cisplatin. The over-expression of Cox17 promotes the platinum accumulation in 

mitochondria and increases the cytotoxicity of cisplatin. This result identified the pathway of 

cisplatin to mitochondria. In addition, Sp1 is a transcription factor regulating the expression of 

a number of genes, including oncogenes. We found that an antitumor active trans platinum 

complex, trans-PtCl2(NH3)(Tz) can react with the zinc-finger domain of Sp1, interfering with 

the function of Sp1 in vitro and in cells. In addition to metalloproteins, other proteins, such as 

intein, could be also binding target of platinum drugs and the platination of these proteins alters 

their biological functions in cells. 

KEY WORDS: Copper proteins; Zinc finger proteins, Platinum; Arsenic; Anticancer drugs. 
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ABSTRACT: The molecular target of platinum anticancer agents has been determined to be DNA. 

However, newer generations of metallodrugs often are designed to target proteins rather than DNA 

and their clinical development is often hindered by the elusive nature of their molecular targets [1]. 

The high number of proteins in cells makes identification of the binding partner a difficult task, 

especially since metal complexes tend to undergo ligand reactions in the presence of donor atoms 

found in many amino acids.  

In order to tackle this problem, we exploited the biotin/avidin system, known for its high binding 

constant, to load the Ru(arene)(1,3,5-triaza-7-phosphaadamantane) (RAPTA) pharmacophore on 

beads to identify protein targets in cancer cells in a chemical proteomics approach [2]. For this 

approach we designed and prepared an affinity probe featuring the pharmacophore, extensively 

tested the probe on its stability, binding ability to proteins and docked it into the biotin binding site 

of streptavidin, and compared the biological activity with the parent compound RAPTA-C [3]. 

Comparison of mass spectrometry data sets obtained for cell lysates from cancer cells before and 

after treatment with a competitive binder suggests that RAPTA interacts with a number of cancer-

related proteins. These cancer-related metal-binding proteins were associated with the observed 

antimetastatic, antiangiogenic and antiproliferative activity of RAPTA agents. Some of the hits are 

proteins that have been proposed earlier as potential targets in complementary experiments, such as 

histone proteins, confirming the validity of the approach. 

This is the first example of identifying the intracellular targets of metal-based anticancer agents 

beyond DNA and unlocks a wide range of opportunities in metallodrug research.  

KEY WORDS: Biotin, Drug pull-down, Target identification, Targeted delivery 
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Introducing Agilent 8800 ICP-MS/MS 

Juan’e Song 

Abstract：Agilent 8800 ICP-MS/MS can measure important elements in life science field, sulfur 

and phosphorus. It provides the lowest detection limits for P- and S-containing species ever reported. 

Due to this merit, ICP-MS/MS can play important role in life science area where molecular-MS has 

been commonly used：1) direct and generic absolute protein quantification without specific 

standards ； 2) assessment of protein phosphorylation degrees at different sites of targeted 

phosphoproteins；3) opens the door to highly sensitive Sulfur isotope ratio analysis: metabolism 

studies, isotope dilution. 
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ABSTRACT: Acquiring accurate information of analyte from complex matrix is a critical issue. 

Selective isolation is an ideal approach to eliminate matrix effects. Natural biomass has been applied 

in heavy metal adsorption. However, most sorbents retain analyte via nonspecific interaction. In 

nature, microbes evolve metalloregulation proteins while higher organisms secrete metal binding 

proteins with high selectivity toward certain metals. Expression of these metal-specific proteins 

could effectively enhance selectivity for target metal species. 

In this work, Cyanobacterium metallothionein (SmtA) was re-configured with genetic 

engineering and decorated on graphene oxide (GO) for cadmium adsorption. Plasmid with SmtA 

was constructed and expressed in host bacterium cell. After cell-lysis the metal-binding protein is 

purified and immobilized on GO followed by grafting on cytopore beads. The adsorption of 

cadmium on SmtA-GO/cytopore fits Langmuir model, it provides a significant improvement on the 

adsorption selectivity, i.e., the tolerance to metal cations increases 20-800,000 folds. 

On the other hand, surface displayed Saccharomyces cerevisiae with cadmium binding peptide 

is employed for the selective preconcentration of cadmium. By immobilizing the surface engineered 

yeast cells onto cytopore, 25-1000 fold improvements were observed for the tolerant capability 

toward various metal cations. Selective cadmium preconcentration was performed with the 

engineered Saccharomyces cerevisiae cell loaded cytopore beads.  

Two isoforms of metallothionein, metallothionein isolated from rabbit liver (rMT) and 

recombined cyanobacteria metallothionein (SmtA), were immobilized on spherical SiO2 particles 

to evaluate their adsorption behaviors for cadmium. Cadmium binding on both MT isoforms is pH 

dependent and follows Langmuir adsorption, fitting pseudo-second-order kinetics model. The 

affinity of cadmium on rMT is higher than that on SmtA, while SmtA exhibits a higher sorption 

capacity than rMTs. SmtA-SiO2 composite is thus suitable for cadmium adsorption.  

    We have demonstrated a universal protocol for producing selective adsorbent through an 

evolutional approach based on phage display peptide library. By choosing chromiun(III) as the 

model target, immobilized Cr(III) resins are first prepared using Ni-NTA affinity resins for the 

interaction with NEB heptapeptide phage library. After a few rounds of positive biopanning against 

target Cr(III) and negative biopanning against foreign metal species, Cr(III) binding phages with 

high selectivity are obtained. It provides a promising potential for the selective adsorption of 

chromium(III) and further chromium speciation in various sample matrixes. 

KEY WORDS: Biomass, genetic engineering, selective adsorption 
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ABSTRACT: Elements are essential for a healthy body. Although studies have examined proteins 

and nucleic acids at the molecular level, the intracellular distribution of elements and their functions 

are not well understood. We developed a scanning x-ray fluorescence microscope system (SXFM) 

that can reliably determine the cellular distribution of multiple elements at high spatial resolution 

[1-5]. Visualizing intracellular elements and understanding their kinetics may provide greater 

insight into the behaviors of elements at the molecular level, which would enable links to the other 

fields, such as studies of proteins and nucleic acids. We introduce SXFM and its applications in cell 

biology and medicine and show profiles of multiple elements at the single-cell level [3-5]. 

KEY WORDS: intracellular elements, X-ray fluorescence microscope system, cell biology, 

medicine 
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ABSTRACT: With the extensive development and application of rare earth element (REEs), the 

content of REEs in some foods exceeds the state standard seriously. Thus, both the immediate and 

the potential long-term effects of REEs on human health have drawn people’s close attention. The 

key issue to evaluate the satety of REEs is to recognize their harmness and determine the target 

organs as well as the sensitive biomarkers. The solution to the above problems depends on the 

working species and modes of action of REEs. Previous studies have demonstrated that whatever 

the routes of administration of REEs, they can deposit in the body as the REEs containing-phosphate 

particles1-3. Thus, the innate immune system should be the main one to respond to these particulates. 

We report here for the first time that rare earth elements can be recognized by innate immune system 

and induce inflammation in the form of phosphates. They, along with naturally insoluble forms of 

oxide, hydroxide, and carbonate particles, induced strong NLRP3 inflammasome activation and IL-

1β production in a manner independent of cathepsin B yet relying on ion channel activities. More 

importantly, the current results indicated that rare earth phosphates-induced inflammation may 

eventually lead to lung fibrosis. Therefore, the biological consequences on the function of immune 

system arising from the deposition, accumulation and potential immunotoxicity of REEs after long 

term exposure at low dose should be paid great attention. The current results provide fundamental 

data for the determination of the modes of action, identification of target organs and sensitive 

biomarkers of REEs and may also provide the scientific basis on both risk evaluation and rational 

application of REEs.    

KEY WORDS: Rare earth phosphates, innate immunity, NLRP3 inflammasome, IL-1β, lung 

fibrosis 
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ABSTRACT: Vascular function is regulated from systemically generated factors and hormones but 

can also be directly influenced by nutrients absorbed from food. Despite some existing scepticism 

that nutrition can have an impact on vascular health either directly or indirectly, we have recently 

demonstrated a remarkable response of large artery smooth muscle cells to mild zinc deficiency in 

rats. The rat vascular smooth muscle cells (rVSMCs) become apoptotic even though the superficial 

appearance and structure of the arteries remain intact1. We have repeatedly shown that rVSMCs in 

culture that are treated with blood plasma from zinc deficient rats show marked upregulation of 

genes normally associated with the immune response2 and this has now been replicated in human 

VSMCs. The response pattern was similar in that genes associated with the immune response were 

upregulated. We demonstrated that a low molecular weight (2 kDa) humoral factor was responsible 

for promoting this biological effect2 and hypothesise that it may have an impact on other types of 

cells and tissues. This presentation will critically examine the direct and indirect ways in which zinc 

and zinc deficiency can influence vascular function. 

KEY WORDS: zinc deficiency, vascular health, smooth muscle, apoptosis 

 

 

 

REFERENCES 

1. Allen-Redpath K, Ou O, Beattie J H., et al. Cardiovascular Research, 2013, 99: 525-534. 

2. Ou O, Allen-Redpath K, Urgast D, et al. FASEB Jounal, 2013, 27: 3672-3682. 

 

 

  



Keynote Lecture 

29 

 

The Mechanisms of Pharmacological and Toxicological Actions of 

Anti-diabetic Vanadium Compounds 

Xiaoda Yang 

State Key Laboratories of Natural and Biomimetic Drugs and Department of Chemical Biology, 

School of Pharmaceutical Sciences, Peking University Health Science Center, Beijing 10191 

Corresponding author email: xyang@bjmu.edu.cn 

 

ABSTRACT: Vanadium compounds are promising anti-diabetic agents. To facilitate the clinical 

applications, elucidating the molecular mechanisms underlying both the pharmacological and 

toxicological effects of vanadium complexes would be essential. In addition to the known 

mechanism that vanadium complexes inhibit protein tryrosine phosphatase PTP1B, we have 

indicated that vanadium compounds may exert insulin enhancement effects and cell protection via 

other signal pathways, i.e. activation of PPARs-AMPK signaling and regulation of unfolded protein 

responses (UPRs). Investigation of the molecular targets of vanadium compounds revealed that 

vanadyl ions bound tightly to heat shock proteins, i.e. Hsp60, and induced protein-protein 

interactions between the heat shock protein and some transcription factors, i.e. peroxisome 

proliferator-activated receptors PPARα and γ. We proposed that the vanadium-induced protein-

protein interactions with heat shock protein family may play important roles in correcting insulin 

resistance and modulating cellular inflammatory responses; the latter may be related to both 

vanadium-induced cell protection and long-term renal function alternation (a reason accounting for 

the failure of BEOV in phase II clinical trial). Therefore, it is suggested that future metallomics 

studies of interactions of vanadyl ions/complexes with heat shock proteins would be of significance 

for the successful development of anti-diabetic vanadium drugs. 

KEY WORDS: Vanadyl ions, heat shock protein, PPARs, unfolded protein response, diabetes. 
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The analytical instruments that applied to the metallomics research 

from Shimadzu 

Le Yang 

ABSTRACT:Shimadzu Corporation provide powerful analytical tools for the study of metallomics 

as a leading analytical instrument manufacturer, including ICP-MS, ICP-OES, LC, LCMSMS, XRF, 

MALDI-TOF and Imaging Mass spectrometry Microscope which are widely applied in all aspects 

of metallomics. The report will introduce the application of those products in metallomics briefly.   
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ABSTRACT:An analytical platform based on asymmetric flow field flow fractionation (AF4) 

coupled on-line to light scattering (LS), UV or fluorescence (FL) spectroscopies and ICP-MS has 

proven useful in characterization and the study of the fate (aggregation, dissolution and 

metabolism) of nanoparticles (NPs) in food and clinical samples [1-3]. A low limit of detection 

of size TiO2 nanoparticles in mouse tissue was made possible by state-of-the-art ICP-QQQ-MS 

technology. This was due to the mass transition of the isotope mass (48Ti), which was interfered 

by 48Ca and/or 48SO to the mass of the 150 Ti(NH3)x atomic cluster in MS/MS mode following 

reaction with the ammonia cell gas. Processing of the collected data by a dedicated software 

package allowed displaying the results as number-based size distributions of the NPs. 

Enzymolysis was used to degrade synovial fluid samples collected from the hip-joints of patients 

with metal-on-metal hip-replacement made from a Co-Cr-Mo alloy [4]. Fractograms obtained by 

the AF4-LS-ICPMS instrumental platform demonstrated that the bio-fluids contained not only 

NPs, which predominantly contained Cr, but also contained a dissolved fraction of metals, which 

was bound to albumin (Co) and transferrin (Cr). The composition of the NPs released from the 

MoM hip-replacements showed that Co was selectively released and became associated with 

albumin, whereas Cr from the alloy largely remained in the NPs released from the MoM alloy. 

This finding explains that Co is available in circulation and why its toxicity is a matter of concern 

in some MoM hip-replacement patients. ICPMS in sp mode was used to confirm and detail the 

number-based size distribution of the NPs, which had a diameter of approximately 100 nm (LOD) 

to 400 nm for the Cr-containing NPs, and approximately 35 (LOD) to 100 nm for the Co 

containing NPs。 
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ABSTRACT: Metal-based anticancer drugs and molecular imaging of inorganic species are two 

major research fields in biological inorganic chemistry. One of the major research interests of our 

lab is the molecular sensing and imaging of bio-medicinal inorganic species. In the last few years,  

we have been concentrating on the design of molecular probes that can be excited by visible light 

and have a ratiometric potential. The targeting properties to specific sub-cellular compartments such 

mitochondria or lysosomes are also desirable. For example, we have developed a series fluorescence 

sensors for the detection of essential metal ions such as Zn(II) and Fe(III), inorganic signaling 

molecules such as H2S, and platinum drug species. These sensors could become valuable in 

revealing the roles of these species in biological systems under either in vitro or in vivo conditions. 

KEY WORDS: Zinc, Fluorescence, Platinum, Imaging. 
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ABSTRACT:  Cellular maintenance of transition metal ion homeostasis is essential for the proper 

distribution of metals to protein structural and catalytic sites that are required for myriad 

physiological processes.[1]  In bacteria, metalloregulatory proteins are central to this metal ion 

balance. These “metal-sensing” proteins are model allosteric proteins that connect the metal binding 

to regulation of DNA operator binding, which modulates transcription of metal-responsive genes 

that control metal homeostasis. We have used the zinc sensor CzrA from Staphylococcus aureus as 

a protoypical arsenic repressor (ArsR)-family repressor to understand the physical and structural 

determinants of metal-mediated bacterial transcriptional depression..[2] Previous work has provided 

evidence for a hydrogen-bonding pathway in the Zn(II) second coordination shell through a 

hydrophobic sector that physically connects the zinc-binding site to the DNA recognition helix.[3] 

Mutational analysis supports an allosteric “pathway” hypothesis where perturbation of key residues 

results in reduced free energies of allosteric coupling (Gc) with little impact on the intrinsic Zn(II) 

or DNA binding affinities.[4] We have employed NMR spin-relaxation experiments that exploit 

specific methyl labeling strategies to measure side-chain dynamics in the ps– –ms 

timescales to further understand this linkage in the context of striking differences in global 

thermodynamics of Zn(II) binding to allosteric mutants. These studies suggest an allosteric coupling 

mechanism in CzrA that can not be defined by a specific pathway or “wire”, but one that instead 

productively harnesses side chain conformational entropy to do work.  Methyl group substitutions 

far from a potential “wire” that nearly uncouple Zn and DNA binding support this model. These 

studies provide new insights into the evolution of allostery in the ArsR family, members of which 

have evolved to sense a wide range of inducers beyond Zn, and perhaps metalloregulatory proteins 

in general.  Supported by a grant from the US NIH (GM042569). 

KEYWORDS:  NMR spectroscopy; metalloregulatory proteins; allostery; zinc sensor 
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ABSTRACT:Cisplatin and its successive analogues mainly exert their activities by causing DNA 

damage and induce apoptosis in cancer cells. With the development of molecular oncology, targeted 

anticancer offer tremendous hope for greater anticancer activity, fewer side effects as well as 

personalized therapy. Targeted drug design has become the mainstream of the development new 

cancer drugs. G-quadruplexes (G4s) have drawn attention to their potential use in anticancer 

therapies. We have developed a series of mono-, di-, tri-, four-nuclear self-assembled Pt(II) 

complexes, acting as selective and effective human telomeric G-4 binders and stabilizing certain G-

4 conformations. These Pt(II) complexes exhibit significant inhibition potential for telomerase 

activity and intersting anti-tumor properties [1-4]. Our research is also focused on the rational design 

of molecular-targeted multifunctional metallo-anticancer agents. The biological targets that we 

investigate mainly include mitochondria, lysosomes, histone deacetylases (HDACs), cyclin-

dependent kinases (CDKs), and the mammalian target of rapamycin (mTOR). The anticancer 

properties and the theranostic potential of the complexes have been explored in detail [5-12]. 

KEY WORDS: molecular-targeted, organelle-targeted, metal complex, anticancer 
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ABSTRACT: The human pancreas is an important organ in zinc metabolism.  In addition to the 

general roles of zinc in the metalloproteomes of cells and in phosphorylation signaling,1,2 the zinc 

metallome has specialized functions in the secretory vesicles of the pancreas.  In the exocrine 

pancreas, zinc(II) ions are stored with hydrolytic enzymes and keep some of these enzymes inhibited.  

When co-secreted, zinc(II) ions dissociate and activate these enzymes.  In the endocrine pancreas, 

zinc(II) ions are involved in insulin storage, processing, and release.   

Among the different cell types of the Islets of Langerhans, considerable knowledge accumulated 

from integrated ‘omics’ investigations about the β-cell and its subcellular zinc metabolism in insulin 

secretory granules (ISG).  Meta-metallomics, i.e. metallomes and metalloproteomes under 

different conditions, provide new insights into the roles of zinc in β-cell biology and into the unique 

and rather complex proteome and secretome of the ISG.  The ISG contain crystallized insulin in 

addition to at least 150 other proteins, have remarkably high zinc concentrations (0.1-0.5 M), and 

are dynamic in terms of their biogenesis and the secretion of their contents.  The zinc transporter 

ZnT-8, which is involved in the pathogenesis of type 1 and type 2 diabetes, supplies the β-cell ISG 

with zinc.  Quantitative ISG metallomics raises issues about theoretical aspects, namely the 

meaning of concentrations in small subcellular volumes, and poses significant challenges to the 

technical limits of analytical proteomics at the level of single cells and highly dynamic subcellular 

structures.3,4 

(Work in the laboratories of Wolfgang Maret and Christer Hogstrand is supported by the 

Biotechnology and Biological Sciences Research Council UK (grant BB/K001442/1) and a grant 

from Johnson&Johnson/King’s College London Proof of Concept Scheme.)  
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ABSTRACT: Ubiquitin is an important signaling molecule in cell. Two or more ubiquitins can be 

covalently linked to form di- and poly-ubiquitins. Polyubiquitin with different linkages perform 

different functions by binding to different target proteins. It is not fully understood how ubiquitin 

can specifically recognize so many different targets. To visualize the quaternary structures of K63-

linked diubiquitin (K63-Ub2), we introduced paramagnetic probe at specific sites of each ubiquitin 

subunit, and we performed simulated annealing refinement against inter-subunit paramagnetic 

relaxation enhancement (PRE) NMR data. We found that ~70% of K63-Ub2 exists in the closed 

state in the absence of a ligand. Further, we showed that there are two types of closed states at 3:1 

ratio. Thermodynamics analyses revealed that the relative population of the preexisting 

conformational state of K63-Ub2 weights on the binding affinity towards a respective ligand. 

Together, we demonstrated that the target recognition for K63-Ub2 proceeds via a conformational 

selection mechanism at the quaternary-structure level, triggering distinct signaling pathways. We 

will also show how divalent cations modulate the conformational space of K63-Ub2 using both 

single-molecule and bulk-based approaches. 

KEY WORDS: Protein dynamics; Paramagnetic NMR; Polyubiquitin; Conformational selection; 

Quaternary structure. 
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ABSTRACT:When human hepatoma HepG2 cells were exposed to sodium selenite, an unknown 

selenium metabolite was detected in the cytosolic fraction by HPLC-inductively coupled plasma 

mass spectrometry (LC-ICP-MS). The unknown selenium metabolite was also detected in the 

mixture of HepG2 homogenate and sodium selenite in the presence of exogenous glutathione (GSH). 

The unknown selenium metabolite was identified as selenocyanate by electrospray ionization mass 

spectrometry (ESI-MS) and ESI quadrupole time-of-flight mass spectrometry (ESI-Q-TOF-MS). 

Because exogenous cyanide increased the amount of selenocyanate in the mixture, selenocyanate 

seemed to be formed by the reaction between selenide or its equivalent, the product of the reduction 

of selenite, and endogenous cyanide. Rhodanase, an enzyme involved in thiocyanate synthesis, was 

not required for the formation of selenocyanate from selenide or selenosulfate and endogenous 

cyanide. We propose to name the effect of endogenous cyanide a reactive cyanogen species (RCS) 

likened to NO- and HS- of reactive nitrogen and sulfur species, respectively. A precise mechanism 

underlying the generation of RCS should be clarified in future studies. Selenocyanate was less toxic 

to HepG2 cells than selenite or cyanide, suggesting that it was formed to reduce the toxicity of 

selenite. On the other hand, selenocyanate could be assimilated into selenoproteins and 

selenometabolites in rats in the same manner as selenite. Consequently, selenite was metabolized to 

selenocyanate to temporarily ameliorate its toxicity, and selenocyanate acted as an intrinsic selenium 

pool in cultured cells exposed to surplus selenite. 

KEY WORDS: selenium, speciation, selenocyanate, reactive cyanogen species, stable isotope 
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ABSTRACT: The Center for Single Nanoparticle, Single Cell, and Single Molecule Monitoring 

(CS3M) develops emerging and innovative technologies at the single nanoparticle, single cells, and 

single molecule levels to provide effective solutions focused: 

- Early cancer detection 

- Nanomedicine design and drug delivery 

- Nanoparticle monitoring 

- And broad applications to the life sciences, analytical chemistry, environmental monitoring, and 

others. 

The NexION 350 SP-ICP-MS opens up a whole new world of efficiency and opportunity for 

nanoparticle analysis at CS3M. 

KEY WORDS: ICP-MS, Single Nanoparticle, Single Cell, Single Molecule, Monitoring  
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ABSTRACT: The interaction of nanoparticles (NPs) with cells has become a major field of interest, 

ranging from therapeutic applications to nano-toxicology. In this context the quantification of NPs 

in cells is of particular importance to obtain information under different experimental conditions. 

Presently, the number of NPs internalized is often determined by inductively coupled plasma mass 

spectrometry (ICP-MS) after acid digestion of a cell suspension or a pellet typically containing 106 

cells. The result is an average value and no information about the distribution among cells or within 

a cell is available. Therefore we developed a method based on laser ablation (LA) ICP-MS to 

localize and quantify metallic NPs in single cells. [1, 2]  

Fibroblast and macrophage cells were incubated with gold or silver NPs at different concentration 

levels and grown under standard conditions. The NP distribution of individual cells was determined 

by spatially resolved bio-imaging using LA-ICP-MS. Sub-cellular resolution was achieved by 

careful optimization of laser energy, ablation frequency and scan speed. Based on matrix-matched 

calibration using a membrane spiked with NP suspension, the number of NPs in individual cells was 

determined. Using metal containing stains we also have visualized the distribution of nanoparticles, 

proteins and DNA in cells simultaneously.  Our results demonstrate the potential of LA-ICP-MS 

providing insight into NP uptake, intracellular distribution and cell-to-cell variation dependent on 

experimental parameters. 

In future changes of protein expression caused by interaction of the biological cell with 

nanoparticles will be measured using metal bio-conjugation of antibodies. Additionally, cell 

experiments will be complemented by animal studies to measure the nano-particle distribution in 

organs after administration. 

KEY WORDS: Uptake of nanoparticles by cells; bio-imaging, LA-ICP-MS 
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ABSTRACT: Selenium is an essential micronutrient playing a vital role in most of the biochemical 

and physiological processes including immune function, thyroid hormone metabolism and 

antioxidant defense systems [1]. Its putative cancer prevention properties have resulted in the 

development of a variety of selenium-containing food supplements and parapharmaceuticals. The 

characterization of these preparations in terms of selenium spesies and their of their metabolism are 

essential for the understanding of possible mechanisms of action.  

The superior availability of the organic selenium in comparison to its inorganic forms is well 

documented in the literature [2]. A mixture of selenitetriglycerides (Selol) produced by the reaction 

of selenite with sunflower oil has recently been proposed as a novel non-toxic, highly bioavailable 

and active antioxidant [3]. 

The paper presents mass spectrometry based approaches for characterization of selenium species 

formed during synthesis of this preparation: a number of selenium derivatives of unsaturated 

triglycerides resulting from the oxidation of one or two double bonds of the fatty acid residues have 

been identified for the first time. An analytical methodology was further developed to study the 

expression of selenoproteins during the action of the drug on cancer cells. It was based on the 

optimized ICP MS-assisted sample preparation followed by multistep separation and identification  

using ESI Orbitrap MS/MS which resulted in the detection of more than ten human selenoproteins 

(out of the 25 known) in the investigated extracts..   

The obtained results allowed the characterization of the metabolic pathways selenium starting from 

its incorporation into triglyceride molecules until selenoprotein expression in the studied cell lines. 

KEY WORDS: mass spectrometry, selenium, ICP MS, ESI MS/MS, selenoproteomics 
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ABSTRACT: The research of protein on a single-cell level would aid the studies of the role of 

cellular heterogeneity in disease progression. A few methods, such as flow cytometry, mass 

cytometry, have realized single-cell protein quantification. However, the accuracy of the 

quantification is limited. In this study, we designed an Au cluster probe with the formula of 

Au24Peptide8, which has both fluorescence property and specific targeting ability of integrin αIIbβ3. 

Utilizing the fluorescence property and targeting ability, we can directly visualize αIIbβ3 on the 

membrane of human erythroleukemia cells (HEL) via confocal microscopy. On the basis of the 

accurate formula of our probe (Au24Peptide8), the number of integrin αIIbβ3 can be precisely counted 

by quantifying the gold content on a single HEL cell via laser ablation inductively coupled plasma 

mass spectrometry (LA-ICP-MS). The expression amount of integrin αIIbβ3 on single HEL cells 

range from 5.75 × 10−17 to 9.11 × 10−17 mol. Because the different expression level of protein (e.g. 

biomarker) on single cells is related to the occurrence and development of disease, our method will 

contribute to estimate the progression of disease by precisely quantifying any well-identified protein 

related to the disease. This method will offer new perspectives in disease diagnosis and therapy on 

a single-cell level. 

KEY WORDS: Au cluster, confocal microscopy, LA-ICP-MS, protein detection 
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ABSTRACT: Modern metallomics is an especially challenging analytical undertaking because it 

relies upon measurement of both atomic and molecular chemical information in order to inform 

complex chemical questions.  Because of the intricacy of the chemical environments being studied, 

and because of the significant danger of chemical modification during analysis, new instrumental 

and methodological strategies often must be developed for such studies.  In this presentation, two 

new instrumentation approaches being developed for mass spectrometry will be examined. First, a 

new type of mass analyzer known as the distance-of-flight mass spectrometer (DOFMS) will be 

introduced and its performance evaluated for inductively-coupled plasma mass spectrometry (ICP-

MS). The DOFMS concept is best explained by comparison with traditional time-of-flight mass 

spectrometry (TOFMS).  TOFMS measures the mass-to-charge (m/z) of an ion by imparting the 

same energy to all ions and then measuring the time required for each m/z to traverse a distance and 

arrive at a single detector.  In contrast, DOFMS measures the m/z of an ion by measuring the 

distance each ion travels during a set time period. Simply put, ions of lower m/z traveling longer 

distances than ions of greater m/z, and their m/z can be determined based upon location.  The 

DOFMS strategy offers a number of significant benefits for ICP-MS.  Like TOFMS, DOFMS is 

architecturally simple, offers very rapid spectral generation rates, and is capable of simultaneous 

multielemental analysis.  The theory of operation and experimental advantages of DOFMS will be 

discussed, and the analytical performance of this new type of mass spectrometer will be described.  

Second, the development of a new type of emitter structure for electrospray ionization (ESI) 

will be described.  The new ESI emitters are based upon nanopore capillary structures typically 

used for electrochemical detection. These nanocapillary ESI emitters are remarkable because they 

possess orifice diameters of 50-100 nm, as compared to commercial ESI nanospray emitters which 

have diameters from 1-50 µm. By moving to smaller orifice diameters, the electric field at the tip of 

the ESI emitter is increased, leading to increased charge density on smaller droplets (increase in 

surface charge-to-volume ratio), and thereby improved ionization efficiencies. The performance of 

nanocapillary emitters with pulled to orifice diameters less than 100 nanometers for use in ESI-MS 

will be examined. 

KEY WORDS: ICP-MS, Distance-of-Flight Mass Spectrometry; Electrospray Ionization 
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ABSTRACT: With the advances in molecular biology, a wide use of cell lines is allowed for metal 

analysis, which provides more information of bioavailability, toxicity, cancerogenicity, and 

mutagenicity of metals to organism rather than animal experiments, because the regulation of 

assimilation and incorporation of trace metals in a cell is the basis of many life functions of an 

organism. Inductively coupled plasma mass spectrometry (ICP-MS) is one of the most effective 

techniques for trace metals analysis due to its outstanding virtues, such as high sensitivity, wide 

linear range, multi-element and isotope capability. However, direct quantification of trace metals in 

cells by ICP-MS is still faced with tremendous difficulties due to very low contents of trace metals, 

very complex matrix, and limited amount of available cells sample. Therefore, novel analytical 

methods involving miniaturized sample pretreatment technologies and micro sample introduction 

system for ICP-MS are urgently demanded. Micro total analysis system (μ-TAS) or so-called “Lab 

on a chip” provides an excellent platform for miniaturization of sample pretreatment techniques, 

which is especially suitable for cell analysis.  

In this presentation, we describe our research works on chip-based microextraction techniques 

coupled to ICP-MS for trace metal and their species analysis in cells [1-4]. We fabricated a smart 

chip by integrating cell rupture, mixing as well as magnetic solid phase microextraction (MSPME), 

and developed a new technique of chip-based MSPME - electrothermal vaporization (ETV)-ICP-

MS for simultaneous analysis of trace metals in cells [1]. With such chip-based MSPME system, 

we developed a chip-based MSPME - high performance liquid chromatography (HPLC)-ICP-MS 

technique for speciation of selenium in Se-enriched yeast cells with cells consumption of ~800 [2]. 

We also fabricated a chip-based MSPME array system and established an on-line chip-based 

MSPME array - ICP-MS/HPLC-ICP-MS for trace heavy metals analysis and mercury speciation in 

cells [3]. We will also describe a method of chip-based liquid phase microextraction combined with 

ETV-ICP-MS for trace heavy metals analysis in cells [4]. All these results demonstrate that the 

strategy of chip-based microextraction techniques combined with ICP-MS has great potential in 

trace metals and their species analysis in cells, and more advancement in this area is expected. 

KEY WORDS: chip-based microextraction techniques, ICP-MS, trace metals and their species, 

cells 

 

 

REFERENCES 

1. Chen B B, Heng S J, Peng H Y, et al. J. Anal. At. Spectrom., 2010, 25(12): 1931-1938. 

2. Chen B B, Hu B, He M, et al. J. Anal. At. Spectrom., 2013, 28(3): 334-343. 

3. Wang H, Wu Z K, Chen B B, et al. Analyst, 2015, Accepted. 

4. Wang H, Wu Z K, Zhang Y, et al. J. Anal. At. Spectrom., 2013, 28(10): 1660-1665. 



Keynote Lecture 

44 

 

The assisting role of elemental speciation analysis in 

metabolomics and proteomics 

Gerrit Hermann1, Evelyn Rampler1, Karin Ortmayr1,2, Michaela Schwaiger1, Stefan Neubauer2, 

Chu Dinh Bin3, Stephan Hann2, Gunda Koellensperger1 

1. Department of Analytical Chemistry, Faculty of Chemistry, University of Vienna, 

Währingerstrasse 38, 1190 Vienna, Austria 

2. Department of Chemistry, University of Natural Resources and Life Sciences- BOKU Vienna, 

Muthgasse 18, 1190 Vienna, Austria 

3. Department of Analytical Chemistry, School of Chemical Engineering, Hanoi University of 

Science and Technology, No 1 Dai Co Viet Road, Hanoi, Vietnam 

 

ABSTRACT: The predominant technique of elemental speciation analysis is mass spectrometry 

(ICP-MS) combined to chromatographic separation techniques. Being traditionally a 

methodological tool -set integrated in environmental studies on metal(loid)s, nowadays the major 

driving force for developing new procedures of elemental speciation is biology and related fields. 

Up to date the development of quantification strategies continues being a topical research theme. 

Some of the most interesting studies deal with the introduction of absolute quantification methods 

in biological applications.  

The capability of species unspecific quantification together with the “legendary” tolerance of ICP-

MS to matrix and the ability to combine elemental mass spectrometry with any type of 

chromatography match the demands of quantitative proteomics and metabolomics quite well, where 

the general availability of standards is limited. The direct targeting approach (i.e., the measurements 

of the macro-elements sulfur and phosphorus, whose compounds and derivatives including 

nucleotides, peptides, proteins, pharmaceutical compounds, etc., occur ubiquitously) however failed 

to emerge as generic method. The major reasons are potential co-elution of other molecules 

containing hetero-elements in complex matrices and the moderate sensitivity regarding sulfur and 

phosphorus. As a consequence, currently platforms offered by inorganic mass spectrometry are 

perceived as rather assisting techniques in proteomics and metabolomics serving for validation 

purpose. 

The lecture will discuss this development and highlight some examples of absolute quantification 

and method validation in new application areas, such as isotope dilution analysis for traceable 

absolute quantification of proteins and elemental analysis in metabolomics. 
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ABSTRACT: Rare earth oxide (REO) NPs generally have magnetic, catalytic, and optic properties 

and have been widely used in paint coating, polishing powder, automobile exhaust catalysts, and so 

on. REO NPs could be released into the environment from various application routes, but their 

effects on the ecosystem are still unknown. 

We assessed phytotoxicity of 3 rare earth oxide nanoparticles, nano-CeO2, nano-La2O3, and nano-

Yb2O3 on seven higher plant species (radish, rape, tomato, lettuce, wheat, cabbage, and cucumber). 

A suspension of 2000 mg L-1 nano-CeO2 only had negative effect on the root elongation of lettuce. 

On the contrary, 2000 mg L-1 suspensions of nano-La2O3 and nano-Yb2O3 severely inhibited the root 

elongation of all the 7 species. To explore the phytotoxicity mechanism of REO NPs, distribution 

and biotransformation of the three materials in plant roots were investigated in situ by TEM, EDS, 

as well as synchrotron radiation based method STXM. The results showed that most of nano-La2O3 

and Yb2O3 were transformed into REPO4 in plant roots. Phytotoxicity of trivalent NPs was probably 

attributed to the dissolution of NPs on the root surface induced by the organic acids excreted from 

root cells. Nano-CeO2 is generally recognized as stable in biological or environmental systems. We 

proved for the first time that nano-CeO2 NPs can be reduced to Ce(III) in hydroponic plants. The 

high sensitivity of Lactuca plants to the released Ce3+ ions caused the species-specific phytotoxicity 

of nano-CeO2. 

KEY WORDS: Biotransformation, Phytotoxicity, Rare earth oxide nanoparticles 
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ABSTRACT: Laser ablation sampling technique combined with ICP-mass spectrometry (LA-

ICPMS) has become one of the most sensitive and versatile analytical tool for elemental imaging 

for minerals, fossils or various biological tissue samples.  Laser sampling under the atmospheric 

pressure conditions can provide high analytical capability to accept large-sized samples ranging 

from 10 µm to 25 mm with the optimum spatial resolutions1.  With the 75 µm laser beam, from 

major elements (e.g., C, Na or Ca) to trace-elements (e.g., Ni, Se or Mo) can be monitored.  With 

newly developed square-shaped laser beam can provide flat sample surface even after the laser 

ablation.  After the survey scan using the square-shaped laser pit, elemental imaging with high-

spatial resolution can be achieved by the laser ablation using the 5 – 10 µm pit sizes without any 

polishing additional sample preparation procedures. 

Element concentrations would be key information to evaluate the absolute rate of elemental 

metabolism within and among the organs.  The quantitative elemental imaging, however, had been 

retarded by the heterogeneous sampling (variation in the sampling depth or volume), mainly due to 

the difference in the hardness or color of the samples.  To overcome this, we have developed the 

soft-ablation sampling technique.  With the soft ablation technique, biochemical tissue samples, 

placed onto the glass substances, were preferentially ablated by the laser ablation under the highly 

controlled energy fluence (soft ablation)2.  Hence, no laser ablation was made on the glass substrate, 

because the energy fluence employed for the laser ablation of the biochemical samples was 

significantly lower than the energy threshold for the glass materials.  With the preferential and total 

ablation of only biochemical samples, we can manage to obtain the homogeneous depth and volume 

of the sampling. 

To take a full advantage of present imaging technique, great care must be given in the sample 

preparation procedure.  Improper vacuum or freeze drying process of the biochemical samples can 

induce secondary movement of the trace elements within or among the cells.  This is especially 

true when the elemental imaging under the spatial resolution of better than 5 µm.  In this 

presentation, we would like to discuss the effect of the sample preparation procedures onto the 

imaging results.  Moreover, we will demonstrate the unique feature of the iQuant2 imaging 

software, specially designed for imaging cytometry using the LA-ICPMS technique. 

KEY WORDS: LA-ICPMS, multi-scale elemental imaging, sample preparation, iQuant2 
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ABSTRACT: A novel strategy for the generation of metal-peptide complexes in the gas phase has 

been proposed, which is of great value for probing the interactions of “naked” metal ions with 

peptides. “Naked” metal ions are generated from metal target by laser ionization (LI) in open air, 

whereas gas-phase peptide ions are electrosprayed separately, facilitating the formation of gas-phase 

metal-peptide complexes. Compared to conventional electrospray ionization (ESI) method, more 

control is offered for generating complexes, avoiding signal suppression and dilution effect induced 

by electrospray of solutions comprised of metal salts and peptides. Higher stabilities of metal-

peptide complexes can be obtained by direct gas-phase reaction of peptides with “naked” metal ions 

devoid of counter-ions and surrounding solvent due to stronger noncovalent interactions, such as 

coulomb interactions and charge-dipole interactions. This approach leads to know the intrinsic 

properties of complexes and provides accurate gas-phase results in closer proximity to theoretical 

calculations irrespective of solvent effect. Influences of the number and position of basic residues 

in peptides on the binding site of metal ions and CID fragmentation pattern of complexes are 

explored and discussed. Plausible mechanisms responsible for fragments remote from the initial 

binding sites of metal ions are proposed. Additionally, diffusion model is introduced to expound the 

high reaction yield of metal-peptide complexes and distribution evolution of metal ions, verified by 

both the calculated and experimental results.  

KEY WORDS: metal ions, peptides, interaction, gas-phase. 
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ABSTRACT: Selenium (Se) is an essential element for both human and animals, and it has an 

important role in an antioxidant effect. To clarify the Se metabolism, Se-82 enriched selenite 

(Se(IV)) or Se-82 enriched selenomethionine (SeMet) was intravenously injected into mice and time 

dependent changes of exogenous Se-82 contained proteins (cellular glutathione peroxidase (cGPx) 

and selenoprotein P (Sel-P)) were investigated in liver and plasma, respectively.1,2 From the tracer 

experiment, it was found that Se metabolic pathway is different between Se(IV) injection and SeMet 

injection. The big difference is that Se(IV) is prohibited to enter into liver, but SeMet can enter into 

liver directly and is transported to other organs through a blood stream. It seems that SeMet, which 

enters into liver directly, is used to synthesize cGPx. The random exchange of Met and SeMet is 

often observed in plants and yeasts, but it is rare case in animals. cGPx contains 1 Cys and 3 Met, 

and Sel-P contains 10 Cys and 3 Met. In the case of cGPx, all 3 Met were replaced with SeMet, and 

in the case of Sel-P, out of 3 Met, 1 or 2 Met were replaced with SeMet. 

From seleno-amino acid analysis of cGPx, in the case of Se(IV) injection, 100% of exogenous 

Se-82 increased as SeCys, and in the case of SeMet injection, 20% of exogenous Se-82 increased 

as SeCys and the rest of 80% increased as SeMet. Although cGPx in liver was synthesized more 

effectively in the case of SeMet injection, the amount of SeCys in cGPx is lower than Se(IV) 

injection. Therefore, we can say Se(IV) is more appropriate chemical form for selenium supplement 

than SeMet within the required to low-toxic range. 

From seleno-amino acid analysis of Sel-P, in the case of Se(IV) injection, 100% of exogenous 

Se-82 increased as SeCys and in the case of SeMet injection, 90% of exogenous Se-82 increased as 

SeCys and the rest of 10% increased as SeMet. Out of 10 Cys, only 1 Cys has a function of 

antioxidant. Therefore, an antioxidant effect is not likely to be big different between Se(IV) injection 

and SeMet injection. Another important role of Sel-P is the transport of Se and the storage of Se in 

the body. These functions do not be affected by the injected chemical forms. 

KEY WORDS: glutathione peroxidase, selenoprotein P, selenomethionine, mouse, liver, plasma 
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ABSTRACT:With the increasing number of measurements of proteins performed all over the world, 

the necessity of obtaining reliable and comparable results is becoming a focal point for analytical 

scientists and clinical doctors. Directives such as the EC directive covering in vitro diagnostic 

medical devices (Directive 98/79/EC) and standards such as EN ISO 17511:2003 demand the 

traceability of the results obtained for analytes in samples of human origin. However, only a few 

reference measurement procedures and certified reference materials (CRMs) traceable to the SI exist 

for proteins.  A big challenge of measurement reliabilities comes out from scientific research and 

industry areas. 

NIM, as the national metrology institute of China, has taken clinical reference systems research as 

one of the most important fields. Primary reference methods together with CRMs for protein 

analysis have been developed. In the primary reference measurement procedures for C-reactive 

protein (CRP), the 15N-labeled CRP, which is developed by protein recombinant express and 

isotope-labeling, is designed as a new internal standard in isotope dilution approach. Compared to 

traditional isotopically labeled peptides methods, this new arrangements can significantly 

counteract the uncertainty and improving measurement accuracy. In the quantification of transferrin 

(Tf) and albumin (Alb) in human serum, HPLC and laser ablation (LA) strategies based on isotope 

dilution ICP-MS via sulfur/iron determination were used. Isotope equilibration and isotope ratio 

measurement conditions are fully investigated in method validation process. The new proposed 

approaches can offer more precise and accurate alternatives to the conventional immuno-based 

methods. In order to clearly illustrate the trueness of glycoproteins, NIM engaged in the detection 

and identification of glycoproteins’ many and varied minor glycoforms. Nano-LC was applied for 

the separation of glycopeptides from large amount of peptides and FT-ICR-MS for nondestructive 

and high resolution detection of glycoprotein details. 

In conclusion, based on the primary reference measurement procedures, several proteins including 

transferrin (Tf), C-reactive protein (CRP), α-fetoprotein (AFP) and glycoproteins, are measured 

with a metrological procedure traceable to the SI. Moreover, on the basis of metrological 

measurement procedure, some pure CRMs, including C-reactive protein(CRP), troponin, α-

fetoprotein,(AFP), carcinoembryonic antigen (CEA) have been developed and CRP in blood serum 

and troponin in blood serum are ongoing..  

KEY WORDS: protein; metrological traceability; Isotope dilution; ICP-MS 
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ABSTRACT:Because of the total lack of toxicological data, so far no risk assessment exists for 

arsenolipids, which are frequently present in fatty fish and other seafood. Here we characterize the 

toxicity of arsenic-containing hydrocarbons (AsHCs) and arsenic-containing fatty acids (AsFAs). 

In human liver and urothelial cells, AsHCs exert cytotoxicity in a concentration range similar to 

arsenite, but via a different toxic mode of action; AsFAs are less potent than AsHCs concerning both 

cellular bioavailability and toxicity. In studies with an entire organism, the fruit fly Drosophila 

melanogaster, AsHCs, in contrast to arsenite, cause late developmental toxicity and reach the brain 

of the flies. Furthermore, these compounds seem to be able to readily pass mammalian physiological 

barriers, including the intestinal and the blood-CSF barrier, and exert defined toxicity in 

differentiated human neurons. These data clearly demonstrate the need for experimental animal 

studies to assess a possible neurotoxicology related risk of arsenolipids. 

Organic Hg species exert their toxicity primarily in the central nervous system. Nevertheless, the 

underlying mechanisms are still not fully understood. Our comparison of the toxicity of HgCl2, 

MeHgCl and thiomersal in human neurons and astrocytes reveals 1. the higher toxicity of the organic 

mercury species, 2. the existence of species-specific toxic mechanisms, and 3. the higher 

susceptibility of human differentiated neurons towards all mercury species. Applying primary in 

vitro models of the blood-brain and the blood-CSF barrier, we could exclude that – besides reaching 

the brain via the blood-brain barrier – methylmercury and thiomersal substantially transfer towards 

the brain via the blood-CSF barrier. Most interestingly, in the case of the organic mercuricals a 

massive efflux of mercury out of the brain via the blood-CSF barrier was observed, whereas for 

mercuric mercury an efflux was visible via the blood-brain barrier. These data provide a completely 

new approach in the understanding of mercury compounds dependent specific transport.   

KEYWORDS: arsenolipids, organic mercury species, toxicity, bioavailability, physiological 

barriers 
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ABSTRACT: It is a challenge to understand the diverse functions and metal specificity of 

metalloenzymes bearing versatile coordination micro-environments and a broad range of oxidation 

states. Metalloenzymes evolved their fine coordination micro-environments to chelate suitable 

metals in order to function, and the metal specificity may relate to both selective binding of cognate 

metal ions and the different catalytic activities when similar metal ions bind. The selective binding 

sites of metalloenzymes likely evolved to have ideal catalytic metal ions in the right place. However, 

the two independent features of metalloenzymes have not always co-evolved consistently due to the 

versatile thermodynamic and dynamic characters of their metal cofactors. The molecular 

mechanisms that govern the metal specificity of metalloenzymes are not well understood. The 

following aspects of metal specificity in metalloproteins and metalloenzymes will be presented and 

discussed: 

1. Metal selectivity of metalloproteins  

2. Metal coordination geometry and micro-environment of metalloproteins 

3. Metal valence and Redox potential of metalloproteins 

KEY WORDS:Metal specificity, metalloproteins, metalloenzymes 
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ABSTRACT: Maintenance of metals homeostasis is crucial for human health. Failure to keep iron 

balance could lead to multiple diseases. To explore the mechanistic network of iron regulators in 

maintaining iron homeostasis and staying healthy, we initiated systematic investigations utilizing 

knockout mouse models, epidemiology, and meta-analysis. Recently significant findings are listed 

as followings: 1) Functionally characterized Fpn1 as a major iron exporter in macrophage and 

hepatocytes, and further defined hepatocyte Fpn1 as one of the important players in iron 

mobilization, iron storage, and intestinal iron absorption to maintain systemic iron homeostasis[1] 

(Blood, 2011);  2) We observed metalloreductase Steap3 coordinates with Fpn1 to regulate 

systemic iron homeostasis and inflammatory responses (Haematologica, 2012); 3) Defined 

significant association between TMPRSS6 polymorphisms and decreased iron status, and refined 

genetic risk factors for iron deficiency and iron-deficiency anemia[2]; 4) Discovered TMPRSS6 

variants, which mediated by plasma ferritin, were significantly associated with lower risk of type 2 

diabetes in Chinese Hans (Am J Clin Nutr. 2012); 5) Our meta-analysis provided rigorous statistical 

evidences for supporting iron homeostasis was changed and might have causal roles in the 

development of Alzheimer’s disease (AD) [3], cardiovascular diseases [4], metabolic syndrome [5] 

and Obesity [6]; 6) By using the novel approach of the ionomics strategy and the information theory, 

we observed potential associations of ions individually or as modules/networks with metabolic 

disorders[7]; and 7) We screened and measured the level of hepcidin expression in cultured cells 

treated with medicinal plant and food extracts. The data indicated that Jixueteng and bleak bean 

could serve as potent novel hepcidin inhibitors, which may be further modified and optimized to 

become an effective food supplement or adjuvant treatment options for diseases in which hepcidin 

is overexpressed, such as ACD or IRIDA [8,9]. Taken together, we believe our serial studies set up 

a foundation to further translate the findings to therapeutic target stratification in iron metabolism 

related diseases, including many chronic diseases.  

KEY WORDS: Iron; Metal; Hemostasis; Chronic Disease 
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ABSTRACT: Tissue analysis using LA-ICP-MS is a powerful tool to depict the lateral resolution 

of trace elements within biological samples. However, this method is restricted, as especially some 

biologically relevant bulk elements, such as oxygen, nitrogen, or hydrogen, are not accessible for 

analysis. Laser induced breakdown spectroscopy (LIBS), however, is capable of detecting those 

elements, and can thus help to tackle the limits of LA-ICP-MS. Compared to conventional LA-ICP-

MS, Tandem LA/LIBS analysis of biological samples can expand the range of accessible elements 

giving the opportunity of gaining even more information from one sample analysis. This will make 

the obtained results even more reliable and can increase the significance for biological and medical 

interpretations. In this work, Tandem LA/LIBS has been utilized for the determination of bulk as 

well as trace elements in thin slices of human tumor samples after treatment of the patients with 

cisplatin as anti-cancer drug. LIBS as a simultaneous multi-elemental technique was used to depict 

the distributions of higher abundant elements in the samples (including the bulk elements such as 

C, H, N, O), while LA-ICP-MS was employed for investigations on trace elements with limits of 

detection below the µg/g-range. It has been shown that the application of Tandem LA/LIBS in 

elemental bio-imaging can benefit substantially from the increased elemental coverage. 

KEY WORDS: LIBS, LA-ICP-MS, imaging, tissue analysis 
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ABSTRACT: Since a few years Time of Flight Secondary Ion Mass Spectrometry became an 

important tool for the analysis of biological samples. With possibility to analyse single cell 

structures with a ppm-ppb sensitivity for several elements and a lateral resolution below 150nm 

makes this technique advantageous.[1] While other techniques like LA-ICP-MS provide better 

limits of detection, the crucial drawback is the limited lateral resolution to several µm. This becomes 

essential, when mapping intracellular distributions of anti-cancer therapeutics, where a successful 

analysis needs a measurements mode that provides high spatial and high mass resolutions at the 

same time.[2, 3]  

Besides the localisation of certain anti-cancer drugs, also the efficiency of the treatment is of great 

interest, thus quantification can provide further essential information. Expanding typical anti-cancer 

drugs, often containing platinum, modern therapy is defined by especially for certain tumours 

designed molecules, like RTKIs and Evofosfamide.  

In this work, we performed elemental and molecular analysis of anti-cancer drugs, containing hetero 

elements, such as platinum, bromine and fluorine as well as Na, K in single cells. A cancer cell 

represents quite a simple system and was therefore chosen for the experiments to illustrate the 

distribution of anti-cancer drugs within the cell with a sub µm lateral resolution. Furthermore the 

knowledge can be expanded to more complex samples, like tissues and xenografts.  

KEY WORDS: TOF-SIMS, Single Cells, anti-cancer drugs, RTKI, Evofosfamide.  

 

 

 

REFERENCES 

1. Arlinghaus HF, Kriegeskotte C, Fartmann M, Wittig A, Sauerwein W, Lipinsky 

D. Mass spectrometric characterization of elements and molecules in cell 

cultures and tissues. Applied Surface Science. 2006;252:6941-8. 

2.  Brison J, Robinson MA, Benoit DSW, Muramoto S, Stayton PS, Castner DG. TOF-

SIMS 3D Imaging of Native and Non-Native Species within HeLa Cells. 

Analytical Chemistry. 2013;85:10869-77. 

3. Judd AM, Scurr DJ, Heylings JR, Wan K-W, Moss GP. Distribution and 

Visualisation of Chlorhexidine Within the Skin Using ToF-SIMS: A Potential 

Platform for the Design of More Efficacious Skin Antiseptic Formulations. 

Pharmaceutical Research. 2013;30:1896-905. 
  



Oral Presentation 

56 

 

Artitioning coefficients and diffusion of organic arsenic species  

Teresa Chávez-Capilla 1*, William Maher 1, Tamsin Kelly 2, Simon Foster 1 

1. Ecochemistry Laboratory, Institute for Applied Ecology, University of Canberra, Canberra, 

ACT 2601, Australia;  

2. National Centre for Forensic Studies, Faculty of Education, Science, Technology and 

Mathematics, University of Canberra, Canberra, ACT 2601, Australia. 

Corresponding author email: Teresa.GonzalezdeChavezCapila@canberra.edu.au 

ABSTRACT: Transport across biological membranes is essential for arsenic absorption, 

distribution, metabolism and excretion. Arsenite (As(OH)3) uses bidirectional channels for small 

uncharged molecules (aquaporins) 1 and arsenate (H2AsO4
-) uptake can occur through phosphate 

carriers 2. However, there is little evidence on cellular efflux systems for pentavalent arsenic; and a 

lack of understanding in the transport of organic arsenic species, especially the sulfur containing 

methylated compounds and glutathione complexes, which are important metabolites of inorganic 

arsenic in cells. Furthermore, little is known about the passive diffusion of arsenic species, which 

would depend on the lipophilicity, size and charge of the species involved; and may provide an 

alternative influx and efflux route. Cullen and co-workers looked at the ability of pentavalent arsenic 

species to diffuse across biological membranes. They investigated the partitioning of methylarsonic 

acid (MA) and dimethylarsinic acid (DMA) and found that DMA showed a higher permeability than 

MA in a model liposome system 3.  

In this study, both octanol: water and liposome partitioning was employed to evaluate the ability of 

biologically relevant arsenic species to cross lipid membranes. The species investigated are those 

commonly found in either water or food: arsenate, arsenite, pentavalent methylated and thiolated 

compounds, as well as the trivalent arsenic glutathione complexes. For each compound, samples in 

an aqueous solution at physiological pH were mixed end over end with octanol and/or liposomes, 

independently, until equilibrium was reached. Different time series were also employed to estimate 

the flux of arsenic species and their potential to accumulate in cells. Arsenic concentration in each 

phase was analysed by HPLC-ICP-MS.  

Preliminary results show a correlation between partitioning and partitioning kinetics, meaning that 

the arsenic species more likely to traverse biological membranes by passive diffusion are less likely 

to bioaccumulate due to a higher flow rate across the lipid bilayer. Our findings suggest that arsenic 

oxidation state, together with arsenic-sulphur binding, may play an important role on membrane 

permeability of arsenic in biological systems. 

KEY WORDS: Arsenic, liposomes, passive diffusion, flux, partition coefficients.  
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ABSTRACT: 99mTechnetium(Tc)-based complexes are widely used as contrast agents for medical 

diagnostics. A gamma quantum, which is generated during the transition of 99mTc to 99Tc, can be 

detected with a scintigraphic camera and therefore, can be used for imaging purposes. 

99mTc can be obtained as fission product of 235U, leading to 99Mo, which then decays to the 

desired 99mTc. Obtained as pertechnetate, 99mTc needs to be reduced prior to complexation to the 

respective radio drug. Due to a short half-life and a magnitude of parameters of synthesis, a purity 

of about 90% is accepted from a medical point of view. The remaining 10% are unknown species, 

which may not contribute to the imaging process but may pose a risk to patients. 

In this work, methods for the speciation analysis of 99Tc in radiopharmaceuticals were developed. 

Quantitative data could be obtained by means of inductively coupled plasma mass spectrometry 

(ICP-MS). Due to a lack of element standards for Tc, a new internal calibration technique, named 

isobaric dilution analysis (IBDA), was developed. It uses the fact that conventional mass analysers 

for ICP-MS cannot distinguish between two isobaric isotopes of different elements. Therefore, 

samples were spiked with a Ru solution, exhibiting an isobaric isotope with m/z 99. Similar as for 

IDA, monitoring the isotope ratio allows a precise calibration of Tc. However, element-specific 

responses were considered in order to obtain accurate concentrations. 

To derive Tc species information, a liquid chromatographic separation method was developed. Since 

the 99Tc complexes are highly polar, the separation was carried out with hydrophilic interaction 

liquid chromatography (HILIC) coupled to ICP-MS. The quantification of each species was 

achieved by post column IBDA. In order to identify the respective species, the optimized HILIC 

separation was coupled to an electrospray ionization-high resolution-mass spectrometer (ESI-HR-

MS).  

KEY WORDS: Speciation analysis of 99Tc, post column dilution analysis, HILIC, ICP-MS, ESI-

HR-MS 
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ABSTRACT: Cisplatin is one of the most important and frequently used cytostatic drugs for the 

treatment of cancer. The cytostatic effect is based on binding the DNA in tumor cells by forming 

intra- and interstrand crosslinks. The associated DNA deformations and the interference with DNA 

repair mechanisms lead to apoptosis in cancer cells. Poly(ADP-ribose)polymerase-1 (PARP-1) is a 

protein involved in several biological pathways including DNA repair mechanisms. The nematode 

Caenorhabditis elegans (C. elegans) is occupying the poly(ADP-ribose)metabolism enzyme 1 (pme-

1), which is an ortholog of human PARP-1. Loss of this enzyme may result in a disturbed DNA 

damage response. The bioavailability of Cisplatin in C. elegans was analyzed by laser ablation-

inductively coupled plasma-mass spectrometry (LA-ICP-MS). In addition, a dose- and time-

dependent Cisplatin uptake was corroborated quantitatively by a total reflection X-ray fluorescence 

spectroscopy (TXRF) method. Experiments were performed using a laser ablation system based on 

a Nd:YAG laser with a wavelength of 213 nm, coupled to a quadrupole-based inductively coupled 

plasma mass spectrometer. Besides the dry aerosol, a ruthenium solution as the internal standard 

was simultaneously introduced, to improve plasma stability. Possible interferences of including 

[ 40Ar155Gd] were minimized in the kinetic energy discrimination mode (KED) with He as cell 

gas. The ablation of the nematodes was performed in a multiline scan. Laser parameters were 

optimized to obtain optimal spatial resolution and elemental information. The distribution of 

platinum in C. elegans after Cisplatin incubation was determined. Therefore, L4 stage wildtype 

worm and pme-1 deletion mutants were treated with different concentrations of Cisplatin. 

Characteristics of this animal, such as its genetic manipulability and the well-characterized genome 

make it a suitable model system. The uptake of Cisplatin was investigated by visualization of the 

distribution of platinum. Thus, images with a lateral resolution of 5 µm were generated. The 

elemental mapping indicated that Cisplatin is located in the head of the worms. Furthermore, it was 

shown that higher Cisplatin doses and longer exposure times led to higher platinum concentrations 

within the worm. With respect to survival and brood size, pme-1 deletion mutants were more 

sensitive to Cisplatin as compared to wildtype worms, while Cisplatin uptake was indistinguishable. 

KEY WORDS: Element-Bioimaging, LA-ICP-MS, C. elegans, Cisplatin 
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ABSTRACT: 

Transferrin (Tf), albumin (Alb) and Electrolytes are of vital importance for pathological state 

monitoring and clinical diagnosis. In this work, the electrolytes （K, Ca and Mg）in human serum 

were determined by using isotope dilution ICP-MS with a cold plasma and collision reaction cell 

mode. For the quantification of Tf and Alb in human serum, two strategies based on isotope dilution 

ICP-MS via sulfur/iron determination were used. In the post-column species-unspecific isotope 

dilution HPLC-ICP-MS approach, by introducing isotopically enriched 34S and 54Fe spikes at the 

same time, the human serum Tf and Alb were absolutely quantified via both sulfur and iron. In the 

other strategy, we report the absolute quantification of Tf and Alb in human serum by non-

denaturing (native) GE combined with species-unspecific isotope dilution laser ablation-ICP-MS. 

In this method, to achieve a homogeneous distribution of both protein and isotope-enriched spike, 

immersing the protein strips after gel electrophoresis with 34S spike solution was demonstrated to 

be an effective way of spike addition. Furthermore, effects of immersion time and 34S spike 

concentration were investigated to obtain optimal conditions of the post-electrophoresis isotope 

dilution method. The human serum protein certified reference material (ERM-DA470k/IFCC) was 

used for method validation, and the results were in agreement with the certified value with good 

precision and small uncertainty (1.5~3%). 

KEY WORDS: Species-unspecific isotope dilution; Gel electrophoresis; Laser ablation; HPLC; 

ICP-MS; Protein 

 

 

 

REFERENCES 

1. Liuxing Feng, Dan Zhang, et. al., Analytical Methods, 2014, 6, 7655-7664. 

2. Liuxing Feng, Jun Wang, et. al., J. Anal. At. Spectrom., 2014, 29, 2183-2191. 

3. Dan Zhang, Liuxing Feng, et. al., Chemical Journal of Chinese Universities, 2014, 25, 1889. 

 

 

 

  

mailto:fenglx@nim.ac.cn


Oral Presentation 

60 

 

Speciation analysis ofthe arsenic containing drugroxarsone and its 

electrochemically generated transformation products 

Lisa Frensemeier1,*, Michael Sperling1,2, Uwe Karst1 

1. University of Münster, Institute ofInorganic and Analytical Chemistry, Corrensstr. 28/30, 48149 

Münster, Germany 

2. European Virtual Institute for Speciation Analysis, Mendelstr. 11, 48149 Münster, Germany 

Corresponding authoremail:lisa.frensemeier@uni-muenster.de 

 

ABSTRACT: The arsenic containing drug roxarsone(3-nitro-4-hydroxy-phenylarsonicacid; ROX) 

is a frequently used animal feed additive for poultry and swine in the U.S. since 1944 in order to 

promote animal growth, improve feed efficiency as well as tissue pigmentation and to prevent 

parasitic diseases. In 2010, ROX was fed to 88% of all chickens raised for human consumption. 

Since 2013, the feeding of ROX to poultry was stopped in the U.S. by a voluntary stop of production 

byits manufacturer. Nevertheless, the growth promoting agent is still applied in countries like 

Canada, China, Bangladesh or Chile.Even if the majority of the fed ROX is presumed to be excreted 

unmetabolized from the animal organism due to the high stability of organic arsenicals, the detailed 

metabolic pathway is not entirely known and for this reason, toxic effects of ROX to human cannot 

be excluded. Not only the direct intake of ROX or corresponding metabolites by consumption of 

meat should be reviewed critically, but also an indirect intake through crops which were fertilized 

with ROX-containing manure and possibly accumulated arsenic-containing compounds.Therefore, 

a method to simulate the oxidative transformationof ROX was developed using a purely 

instrumental setup consisting of an electrochemical cell(EC) coupled online to an electrospray 

ionization mass spectrometer (ESI-MS). This setup has been proven to be a valuable tool for the 

simulation of the oxidative drug metabolism and enabled the identification of potential metabolites 

of ROX including the toxic inorganic species arsenate(AsV) as well as the mono-, di-and 

trihydroxylated and the corresponding dehydrogenated species. Subsequently, separation of the 

oxidation products was carried out by means of hydrophilic interaction liquid chromatography 

(HILIC) for speciation analysis. On theone hand, the separation was integrated between EC and 

inductively coupled plasma-mass spectrometry (ICP-MS) in order to assess the amount of oxidation 

products. On the other hand, complementary molecular information was obtained using HILIC/ESI-

MS. 

KEY WORDS: Arsenic, metabolism, speciation 
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ABSTRACT: We synthesized a novel tridecapeptide modified Au clusters and verified their 

molecular formula. On top of this, we successfully identified the unique biological properties of the 

Au cluster, i.e. it can penetrate the membrane, specifically when complexed with TrxR1 and 

suppress its activity, leading to the higher level of ROS and cell apoptosis. Such unique biological 

properties of Au clusters are related to the positively charged tridecapeptide. Our results suggest 

that peptide-stabilized Au clusters can provide a new concept for tumor therapy. With their atomic 

precision, it is interesting to investigate the inherent biological properties of Au clusters endowed 

by their molecular formula. The studies on the characterization and regulation of biological 

properties of Au clusters will be helpful for the further development and application of Au clusters 

in tumor therapy. 

KEY WORDS: Au cluster, TrxR1, cell apoptosis, tumor therapy 
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ABSTRACT: Copper is an essential element and part of several enzymes in the human organism. 

However, an excess of copper may lead to various changes and disturbances within the organism. 

Wilson ś disease is an autosomal recessive inherited dysfunction of the copper metabolism. It causes 

the accumulation of copper in different organs, including the liver, the central nervous system and 

cornea. This way, Wilson ś disease may initiate hepatitis or neurological symptoms like movement 

disorders and behavioral abnormalities.  

To learn about the distribution of copper in Wilson ś disease liver samples, different human liver 

samples were analyzed by Laser Ablation Inductively Coupled Plasma Mass Spectrometry 

(LA-ICP-MS). 

Within this work, the distribution of copper in human liver tissue sections from patients suffering 

Wilson ś disease was studied. Additionally, the distribution of iron was monitored. These human 

liver samples were collected by a liver biopsy of Wilson ś disease patients within a medical 

investigation. 

To study the elemental distribution, LA-ICP-MS was applied as imaging technique. The analysis by 

LA-ICP-MS was performed with a 213 nm Nd:YAG laser using a spatial resolution of 10 µm and a 

scan rate of 20 µm/s. In a next step, copper and iron were quantified by LA-ICP-MS using 

homemade matrix-matched standards made of gelatin. 

Results showed an inhomogeneous copper and iron distribution in human liver with hotspots of very 

high intensities. The two elements showed an inverse correlation within the hepatocytes. Copper 

and iron were quantified successfully by an external calibration using matrix-matched standards 

made of gelatin. Copper and iron concentrations up to several thousand micrograms per gram liver 

within the hepatocytes were determined. 

In medicine, rhodanine staining is routinely used to determine the copper distribution in liver tissues. 

Nevertheless, this method does not provide results with a high sensitivity in comparison to LA-ICP-

MS. Therefore, the presented method offers a new possible diagnosis. These results may contribute 

to a better understanding of Wilson ś disease and its development. 

KEY WORDS: Wilson ś Disease, Laser Ablation, Quantification, Copper, Iron. 
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ABSTRACT: A large number of glycosyl groups distributing on cell surface are involved in various 

important physiological activities such as cell interactions, signal transduction and tumor 

metastasis[1,2]. Sialic acid is a kind of monosaccharide containing nine carbon atoms, mainly existing 

in the end of the carbohydrate chain, participating in the regulation of a series of physiological and 

pathological processes[3]. It has been demonstrated that the variation of sialic acid content on cell 

surface is often related to some diseases. Therefore, the development of rapid and accurate method 

for the quantification of cell surface sialic acid is of great significance for the diagnosis and 

treatment of diseases.  

Under physiological conditions, benzene boronic acid in sp2-hybridized non-dissociated state can 

bind with sialic acid, demonstrating the specificity to sialic acid[4, 5]. Based on it, biotinylated 

boronic acid was synthesized and used for the recognition of sialic acid on cell surface (Fig. 1), and 

a method combining gold nanoparticles labeling with ICP-MS detection was developed for the 

analysis of sialic acid expression on cancer cell surfaces. The method is sensitive and convenient, 

providing a new strategy for the diagnosis of cancer. 

 

Fig.1 Experimental scheme 

KEY WORDS: Sialic acid, gold nanoparticles labeling, ICP-MS 
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ABSTRACT: To deal with quantification challenges in proteomics, Metal-coded affinity tagging 

(MeCAT) was developed and patented in Prof. Dr. Linscheid’s group as a new labeling reagent for 

absolute and sensitive quantification of proteins and peptides 1. These reagents allow tracking 

labeled species by ICP-MS taking advantage of its high sensitivity, multiplexing capability and 

structure independent response for quantification purposes. However, due to the size of lanthanide 

chelated DOTA complexes and spatial hindrance in peptides and proteins, some of the active sites 

are inaccessible, which limits its wide application. 

In this work, a new MeCAT label is presented, which is based on a two-step labeling strategy 

including in situ click chemistry (Ln-MeCAT-Click) 2. Advantages in terms of labeling efficiency 

have been demonstrated in comparison with other DOTA-based labels, such as MeCAT-Mal and 

MeCAT-IA. This label showed compatibility with hyphenated ESI-MS and ICP-MS techniques, 

allowing identification and quantification, respectively, of the labeled peptides and proteins. 

Moreover, a variety of separation techniques have been tried successfully in different workflows, 

as well as fragmentation techniques in molecular MS for relative quantification using specific 

reporter ions. In addition to the application to standard intact and digested proteins, Ln-MeCAT-

Click approach was further utilized to quantify differential expression of cysteine-containing 

proteins in Escherichia coli after heat shock experiments. LA-ICP-MS was used to specifically 

locate overor under-expressed proteins in electrophoretic 2D gels thanks to multiplex labeling of 

the different states. Thanks to the high sensitivity of this detection, not only abundant target proteins 

but also low abundant ones were discovered. On the other hand, ESI-MS/MS analyses allowed the 

identification and relative quantification of cysteine-containing proteins labeled with Ln-MeCAT-

Click using search engines for proteomics (Proteome Discoverer). 

In brief, Ln-MeCAT-Click is presented as a promising tool for quantitative proteomics. Among its 

advantages is the possible combination use of elemental and molecular MS techniques to extract 

both structural and quantitative information. This synergic use is especially useful dealing with 

complex biological samples. 
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ABSTRACT: The consumption of rice grain produced in mercury (Hg) contaminated soil was 

identified as a major route of dietary Hg exposure. The aims were 1) to determine the most suitable 

concentration of Se that can lead to least Hg accumulation in rice grain in real Hg contaminated 

paddy field in Qingzhen, and 2) to elucidate the possible mechanism of the protection against the 

phytotoxicity of Hg in rice by Se. Rice plants were treated with different concentrations (0, 0.01, 

0.1, 0.5, 1 and 5 μg/mL) of sodium selenite in a real paddy field in Qingzhen, Guizhou, China. The 

concentrations of Hg and Se in soil, stream water, rice tissues, and the seed setting rate (SSR) and 

thousand seed weight (TSW) were checked. The distribution and chemical forms of Hg and Se in 

rice root were studied by XRF and XAS. Treating the rice plants with 0.5 μg/mL of sodium selenite 

achieved the lowest Hg accumulation in rice grain while the highest SSR and TSW. In rice root, 

XRF found decreased Hg uptake, and XAS found Hg-Se complexes were formed. These findings, 

together with the formation of biological barriers like iron plaque, could explain the decreased 

accumulation of Hg in rice grain at Se levels below 0.5 μg/mL. Se concentrations over 0.5 μg/mL 

led to increased Hg accumulation and decreased SSR and TSW, which were ascribed to the 

significantly increased Se accumulation in rice grain. This field study suggest that treatment with 

appropriate level of Se (0.5 μg/mL in this study) is an efficient way to reduce Hg accumulation in 

rice and increase rice yield and quality, thereafter to protect the health of the rice-dependent 

populations in Hg-contaminated area. 
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ABSTRACT: Cancer is one of the biggest challenges in public health care and global economy, 

causing 8.2 million deaths and economic losses of around 1 trillion US dollars every year. Success 

in cancer control depends on effective diagnostics and efficiency of tumor treatment. Metal-based 

nanomaterials (MNMs) possess unique optoelectronic and magnetic properties that make them 

highly promising as tumor imaging and treatment agents in cancer therapy. The in-vivo fate of 

MNMs and particularly, their route from the point of administration to the tumor is closely related 

to interactions with serum proteins. After a decade of research, there is still a lack of knowledge of 

the exact functions of proteins in MNMs mechanism of action. Therefore, it is acute need for 

developing novel and more efficient analytical techniques to study protein-mediated uptake of 

MNMs. 

The aim of this contribution is the development of an analytical methodology, which will be used 

for characterization of the medicinally-active MNMs (e.g. gold nanoparticles and quantum dots) 

interactions with serum proteins in real-serum environment. Information about their alterations will 

be useful for a better understanding of the mode-of-action of existing tumor-targeting MNMs and 

possibly, for the design of advanced ones. Electrophoretic techniques become more and more 

popular in the analysis of biomolecular behavior of nanomaterials. However, with common UV 

detection they do not allow for monitoring relevant speciation changes of MNMs. Therefore, we 

have selected as the method of choice capillary electrophoresis hyphenated to inductively coupled 

plasma mass spectrometry (CE-ICP-MS). This combined methodology takes advantages of high 

resolution potential of CE separation and sensitivity and specificity of ICP-MS. These benefits 

provided the possibility to investigate protein‒nanoparticle interactions under mild, species-friendly 

separation conditions, at low concentrations encountered in physiological setting, and using small 

sample volumes. Interactions of gold nanoparticles and quantum dots, first with individual human 

serum proteins (albumin, transferrin, immunoglobulin G, etc.) and then in real serum samples were 

investigated1. The influence of MNMs size on the rate and extent of protein binding was examined. 

Moreover, the protein competition experiments were undertaken in order to find out the main 

binding partners of selected MNMs in the bloodstream. 

Project financed by the National Science Centre in Poland (grant no. 2013/11/N/ST4/01480). 
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ABSTRACT: A series of ruthenium(II) have been designed and investigated as potential inhibitor 

against metastasis of tumor. It’s find that these complexes exhibit promising inhibitory activity 

against migration and invasion of various tumor cells, like MDA-MB-231 breast cancer cells and 

C6 glioma cells. The studies on the mechanism show that these complexes can inhibit the formation 

of invadopodia through AKT signal pathway, which confirmed by the confocal laser scanning 

microscopy, real time fluorescence observation and FITC-geltain assay, as well as RT-qPCR and 

western blot methods. Besides, the binding behavior of these complexes with G-quadruplex DNA 

have also been investigated. 

KEYWORDS: ruthenium complexes, invasion, targeting, invadopodia  

 

 

 

 

 

Fig. 1 The inhibition of the formation of invadopodia by ruthenium(II) complexes 
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ABSTRACT:  In our high-aging society, the risk of bone fracture, which is determined by the 

frequency of falling down and the mechanical strength of bone, is increasing with aging.  It is 

proposed that not only bone mineral content, but also “bone quality” including geometric, chemical 

and physical properties of bone, contributes to the mechanical strength of bone specimen.  In this 

study, we are focusing on the crystallinity of HAp, one of the most important aspects of bone quality.  

Crystallinity of HAp, the magnitude of the crystalline order, can be susceptible to the substitution 

of calcium (Ca) by other divalent cations such as magnesium (Mg) or strontium (Sr).  The 

substitutions would induce the lattice mismatch, and this can result in increased solubility of 

crystals1.  This suggests that the concentration of Ca, Mg or Sr can reflect the mechanical strength 

of the bone.  Recent analytical development for laser ablation-ICP-mass spectrometry (LA-ICPMS) 

enables us to measure the distribution of the trace elements with spatial resolution of better than 10 

µm2.  In this study, we have measured the abundances of Ca, Mg and Sr for rat femur using the 

LA-ICPMS and crystallinity evaluated by the microscopic Raman spectroscopy.  We applied these 

methods to bone samples collected from chronic kidney disease (CKD) rat and Diabetic rat, which 

might have different status for elemental availability and bone metabolism compared to control 

animals. 

 Signal intensity ratios for Mg/Ca and Sr/Ca, an indicator of elemental substitution in HAp, 

increased in inner and outer part of bone for CKD rat compared to control rat, possibly because of 

the decrease of excretion for Mg and Sr by kidney impairment.  In contrast, the resulting Mg/Ca 

and Sr/Ca ratios became slightly lower in diabetic rat.  The distribution of elemental ratio showing 

spatial variation has a similarity to the distribution for crystallinity analyzed in a same region.  

These results denote that the elemental substitution can cause lowering the bone crystallinity to 

some extent.  In this talk, we will discuss the mechanical property in a micro-scale area, measured 

by the nanoindentation technique.  

KEY WORDS: LA-ICP-MS, Bone, Magnesium, Calcium, Raman spectrometry 
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ABSTRACT: Single cell analysis has become an important field of research in recent years 

reflecting the heterogeneity of cellular responses in biological systems. Here we demonstrate a new 

method, based on laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS), 

which can quantify in situ gold nanoparticles (Au NPs) in single cells. Dried residues of picoliter 

droplets ejected by a commercial inkjet printer were used to simulate matrix-matched calibration 

standards. The gold mass in single cells exposed to 100 nM NIST Au NPs (Reference material 8012, 

30 nm) for 4h showed a log-normal distribution, ranging from 1.7 to 72 fg Au per cell. The average 

result from 70 single cells (15 ± 13 fg Au per cell) was in good agreement with the result from an 

aqua regia digest solution of 1.2×106 cells (18 ± 1 fg Au per cell). The limit of quantification was 

1.7 fg Au. This paper demonstrates the great potential of LA-ICP-MS for single cell analysis and 

the beneficial study of biological responses to metal drugs or NPs at the single cell level. 

KEY WORDS: single cell analysis, LA/ICP-MS, gold nanoparticle 
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ABSTRACT:A comprehensive approach that can identify and quantify selenium (Se) in seleno-

proteins in Se-enriched yeast was developed.1 The Se-containing compounds in Se-enriched yeast 

were first extracted, and then the fraction of Se-containing proteins in the supernatant was analyzed 

by 2-dimensional electrophoresis (2-DE) and synchrotron radiation X-ray fluorescence (SR-XRF). 

The detection limits (DL) of SR-XRF analysis for Se quantification in Se-containing proteins after 

2-DE separation was calculated to be 0.20 μg g-1, which is suitable for Se quantification in the Se-

containing spots exhibited on the 2-DE gel. After scanned by SR-XRF, Only spots with a mean Se 

content exceeding twice the DL of SR-XRF were considered to be seleno-proteins. In this way, a 

total of 157 Se-containing spots in the gel were visually distinguished. Se contents in all the Se-

containing proteins of different molecular weight were quantified. The total Se content exhibited in 

the 2-DE gel was calculated to be 126.56 μg g-1, where covered most of Se in seleno-proteins on the 

2-DE gel. 

KEY WORDS: SR-XRF; 2-DE; Se-enriched yeast. 
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ABSTRACT:  Metal nanoparticles (NPs) determination has recently attracted considerable 

attention because of the continuing boomof nanotechnology. In our previous work, we demonstrated 

that showed that TLC could achieve the separation of differently sized AuNPs1 and thus it could be 

quantified by coupling with LA-ICP-MS. However, the requirement of expensive LA-ICPMS make 

this method is hard to be applied practically.  It has been well reported that AuNPs could enhance 

the CL of the luminol-H2O2 system2. Based on this, a rapid and simple method for the separation 

and quantitative characterization of AuNPs in aqueous suspension was established by coupling TLC 

with CL detection in the present study. The novel method was successfully applied to quantitative 

characterization the different sizes of AuNPs (13 nm, 41 nm and 100 nm) separated by the process 

of TLC. Various experimental parameters that affecting the CL detection of AuNPs, such as the 

concentration of H2O2, the concentration of luminol, pH of luminol solution, size of the spectrometer 

scanning aperture and the condition of TLC process, also the effect of the mobile phase of the CL 

intensity, were investigated and optimized. Under the optimal conditions, the determination of 

different sizes of AuNPs was achieved, and the detection limit for 13 nm AuNPs, 41 nm AuNPs and 

100 nm AuNPs, were 38.4 pg, 35.9 pg and 39.6 pg, and repeatability (RSD, n=7) was 7.3%, 5.9% 

and 6.9% for 20 ng of 13 nm AuNPs, 41 nm AuNPs and 100 nm AuNPs, respectively. Compared 

with the established methods for the quantitative analysis of metal nanoparticles, the proposed 

method is it is relatively simple, convenient, low-cost and fast, and could determine more analytes 

in one run. 

 
Figure 1. (A) Effect of mobile phase on CL intensity for 10 ng 41 nm AuNPs. (B) The chromatograms of the 48 ng 

of 13 nm, 41nm and 100 nm. TLC separation was obtained after development of the HPTLC plate with pH=6.8 PBS, 

0.4% TX-114, 10 mM EDTA. 

KEY WORDS: Gold nanoparticles, Cataluminescence, Size determination 
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ABSTRACT: Iron is one of the most important inorganic nutrients for almost all plants and animals.  

For marine organisms, intake efficiency of Fe could be higher than those for terrestrial animals 

because of limited availability of Fe in marine environments.  Higher intake efficiency of Fe 

through nutrition can induce small magnitude of isotopic fractionation, and therefore, the Fe isotope 

ratios for marine organisms of lower trophic levels would have similar value to that of the seawater 

sample.  This is true on the Fe isotope ratios for marine organisms of lower trophic levels (TL).  

Despite the very limited number of Fe isotope data, the measured Fe isotope ratios (56Fe/54Fe and 

57Fe/54Fe) for marine organisms of lower trophic levels (TL) did not vary significantly from those 

for the seawater samples1,2,3.  It should be noted that the Fe isotope ratios can vary significantly by 

reflecting the contribution of river water or regional biological activity, and therefore, the Fe 

isotopes for marine organisms of higher trophic levels are highly desired to evaluate the difference 

in the Fe-biocycle between the terrestrial and marine environments.  In fact, our preliminary study 

revealed that the Fe isotopes for marine organisms of higher trophic levels (tuna, shark and seal) 

varied significantly by reflecting the sampling locations.  Moreover, the measured Fe isotope ratio 

can be different among the organs or tissues.  This suggests that the Fe isotopic ratio data for 

marine organisms of finely controlled sampling strategy.  

 To overcome this, Fe isotope ratio measurements have been carried out for a part of the organs 

of marine organisms, covering medium to high trophic levels :Peponocephala electra (n=23; 

TL=4.3), Thunnus alalunga (n=7; TL=4.0), Thunnus obesus (n=1; TL=4.0), Kajikia audax (n=1; 

TL=4.0), Berryteuthis magister (n=5; TL=3.4), and Octopus longispadiceus (n=2; TL=3.3). After 

the chemical decomposition by microwave digestion technique and chemical separation procedures, 

the 56Fe/54Fe and 57Fe/54Fe ratios were measured by the multiple collector-ICP-mass spectrometer 

(MC-ICP-MS).  The resulting Fe isotope ratios demonstrated that there were no significant 

difference in the 56Fe/54Fe and 57Fe/54Fe ratios (<0.5‰) between muscle and liver.  This is 

contrasting from those for terrestrial animals3.  Therefore, it doesn’t depend on sampling areas and 

there is a possibility that the muscle and liver of tuna have a similar function.  The Fe isotope data 

obtained in this study indicate that the Fe isotope ratio can reflect metabolism of Fe in each tissue 

for marine organisms.  In this talk, we would like to demonstrate the possible linkage between the 

stable isotope ratios of Fe and the trophic levels, which have been commonly defined, based on the 

13C/12C and 15N/14N ratios. 

KEY WORDS: Iron stable isotope, Fe-biocycle, multiple collector-ICP-mass spectrometer  
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ABSTRACT: Copper transport 1 (CTR1) plays a critical role in copper uptake by cells,1 but several 

studies demonstrated that divalent metal transporter 1 (DMT1) also transports copper in some cells 

and under certain circumstances. 2-3 The present study was undertaken to determine the relationship 

between CTR1 and DMT1 in copper uptake. Human umbilical vein endothelial cells (HUVECs) 

were exposed to increasing concentrations of extracellular copper in cultures, leading to increased 

accumulation of copper in cells proportional to concentrations of extracellular copper. However, 

CTR1 proteins decreased in relation to the increase in copper concentrations, and DMT1 increased 

inversely correlating to the decrease in CTR1. Gene silencing of either CTR1 or DMT1 did not 

affect copper accumulation in cells, but deficiency in both CTR1 and DMT1 resulted in a complete 

inhibition of copper uptake. This study thus demonstrates that DMT1 imports copper under the 

condition of CTR1 deficiency, and vice versa. Therefore, CTR1 and DMT1 would compensate for 

each other for copper uptake in mammalian cells, although different types of cells may use either 

one as a predominant copper importer under physiological conditions.  

Supported by National Science Foundation of China (NSFC grant 81230004). 
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ABSTRACT: Copper (Cu) supplementation reverses cardiomyocyte hypertrophy along with 

recovery of cytochrome c oxidase (CCO) activity and morphology of mitochondria. 1-3 The present 

study was undertaken to test the hypothesis that Cu induces recovery of mitochondrial morphology 

through regulating CCO activity in hypertrophic cardiomyocytes. Primary cultures of neonatal rat 

cardiomyocytes were exposed to phenylephrine (PE) at a final concentration of 100 M in cultures 

for 48 hrs to induce cell hypertrophy. Depressed CCO activity and fragmentation of mitochondria 

were observed in the hypertrophic cardiomyocytes. Cu addition to the cultures of hypertrophic 

cardiomyocytes at a final concentration of 5 M for 24 hrs recovered CCO activity and caused 

mitochondrial fusion, along with regression of cell hypertrophy. Depression of CCO activity by 

siRNA targeting CCO assembly homolog 17 (COX17), a Cu chaperone for CCO, led to 

fragmentation of mitochondria. The CCO depression due to COX17 deficiency suppressed Cu-

induced mitochondrial fusion. This study thus demonstrates that CCO is required for mitochondrial 

fusion in Cu-induced regression of cardiomyocyte hypertrophy. 

Supported by National Science Foundation of China (NSFC grant 81230004). 
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ABSTRACT: Depressed capillary density is associated with myocardial ischemic infarction, in which 

hypoxia-inducible factor 1 (HIF-1) is increased. The present study was undertaken to examine 

changes in the angiogenic factors whose expression is regulated by HIF-1 and their relation to the 

depressed capillary density in Rhesus monkey model of myocardial ischemic infarction (1). Eight weeks 

after myocardial ischemia, capillary density was significantly decreased but the concentrations of HIF-

1 and HIF-1β were significantly increased in the infarct area. However, the levels of mRNA and protein 

for VEGF and VEGFR1 were significantly decreased. Other HIF-1 regulated angiogenic factors, 

including Tie-2, Ang-1 and FGF-1, were also significantly depressed, but vascular destabilizing factor 

Ang-2 was significantly increased. Copper concentrations were depressed in the infarct area. The known 

copper-independent HIF-1 target gene, IGF-2, was highly expressed in the infarct area (2-4). The data 

suggest that under ischemic condition, copper loss suppressed the expression of critical angiogenic genes 

regulated by HIF-1, but did not affect copper-independent expression of other genes. The suppression of 

gene expression by copper-dependent HIF-1 regulation pathway would contribute to the pathogenesis of 

myocardial ischemic infarction. 
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ABSTRACT: The uterine cervix carcinoma is one of the malignant diseases where platinum-based 

drugs such cisplatin are included in the standard radio-chemotherapy (RT) protocols and it is the 

basic component of the recently applied neoadjuvant therapy in this cancer type. The cisplatin 

cellular uptake is related to the drug efficacy, and the ICP-MS method is suitable to assess the 

accumulation of cisplatin in biologic samples. Using this method, we evaluated the Pt concentration 

in eighteen human cervix carcinoma tumor samples and blood serum samples from female patients 

who undergo to cisplatin therapy with a dose of 100 mg cisplatin/m² body surface area. Twelve 

subjects received the standard protocols which included 5 fractionated doses with concomitant 

irradiation versus a group of six patients who received neoadjuvant chemotherapy with a single dose. 

The Pt concentration measured after 24 hours in tumor samples was significantly lower after 

neoadjuvant protocol application (1.309± 0.104 ng/mg tissue) compared with the RT (2.8383±0.342 

ng/mg tissue), whereas in blood serum no significant differences (0.647±0.096 vs. 0.802±0.107 

ng/μl) were found between the two therapeutic regimens. The serum concentrations of VEGF, EGF 

growth factors; CLCX10 and CD40 receptor chemokines, implicated in tumor neoangiogenesis, are 

related to Pt accumulation, and their decrease reflects a good therapeutic prognosis. The Pt cellular 

uptake and blood concentration, together with the molecules implicated in tumor growth and 

invasion can be correlated with the treatment outcome and shows potential applicability as 

biomarker in cancer therapy, emphasizing the importance of metallomic methods in the medical 

research and investigations of the future.          

KEY WORDS: cellular uptake, cisplatin, biomarker, cancer chemotherapy, angiogenesis.  
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ABSTRACT: Helicobacter pylori (H. pylori) is a gram-negative bacterium causing gastritis, peptic 

ulcerations and gastric carcinoma [1]. H. pylori produces a small cytoplasmic protein Hpn, which 

accounts for approx. 2% of the total cellular proteins and has 28 histidine residues among its 60 

amino acids. Hpn has been proposed to play roles in nickel storage, homeostasis and metal 

detoxification [2]. Hpn is present in an equilibration of oligomeric forms: with the 20-mers being 

the dominant species [3], and this protein represents a novel class of metal binding proteins with the 

relative binding affinities: Cu2+ > Ni2+ > Bi3+ ≈ Zn2+ [4]. Recent work indicated that Hpn oligomers 

developed amyloid-like fibrils as confirmed by negative stain TEM, ThT and Congo Red binding 

assays [5]. Our present data indicated that this protein is secreted into the extracellular space through 

a porin protein HopD and exerts its cytotoxic effects through the disruption of mitochondrial 

bioenergetics. In vivo studies confirmed the transportation of Hpn through the porin protein and the 

interaction between Hpn and the membrane mimics were also studied [6]. Our collective data 

suggested that the histidine-rich protein Hpn plays key roles in the pathological effects of H. pylori 

[7]. 
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ABSTRACT: Amyloid- (A) and transition metal ions have been suggested to be involved in the 

pathogenesis of Alzheimer’s disease (AD).1-3 Metal ions can interact with A species, facilitating 

A aggregation and producing toxic oligomeric peptide species and reactive oxygen species (ROS); 

however, the link between metal-associated A and AD etiology is not clearly studied.2,4 To uncover 

the interplay between metal ions and A peptides in AD pathology, naturally occurring flavonoids, 

such as myricetin, have emerged as a valuable class of compounds for this purpose due to their 

ability to redirect metal-induced A aggregation pathways.1,5 Although flavonoids have shown anti-

amyloidogenic properties, the structural moieties of flavonoids responsible for such reactivity have 

not been fully identified. In order to understand a structure-interaction-reactivity relationship within 

the flavonoid family toward metal-free and metal-associated A, a set of flavonoids was selected 

based on structural variations (i.e., number and position) of hydroxyl groups on the structure of 

myriceten which display reactivity (i.e., in vitro modulation of A aggregation pathways and 

recovery of cytotoxicity induced by metal-free/metal-associated A). The flavonoids in this study 

are shown to redirect Cu(II)–A aggregation pathways, which might be directed by the different 

location of the hydroxyl functionality on the backbone. The absence or presence of the catechol 

group and a hydroxyl moiety on the B and C rings of flavonoids, respectively, could differentiate 

the interaction between flavonoids, Cu(II), and A, influencing on Cu(II)–A aggregation. In 

addition, NMR and MS studies revealed that the potential binding site and mode between flavonoids 

and A species are observed to be dependent on the position of the hydroxyl functionality. Overall, 

our studies provide valuable insights into the effects of substituent variations, especially the position 

of hydroxyl moieties, on metal chelation and Cu(II)–A aggregation pathways. 

KEY WORDS: Alzheimer’s disease; amyloid-; metal ions; flavonoids  

 

 

 

REFERENCES 

1. DeToma A S, Choi J S, Braymer J J, et al. ChemBioChem, 2011, 12(8): 1198-1201. 

2. DeToma A S, Salamekh S, Ramamoorthy A, et al. Chem. Soc. Rev., 2012, 41(2): 608-621. 

3. Choi J S, Braymer J J, Park S K, et al. Metallomics, 2011, 3(3): 284-291. 

4. Savelieff M G, Lee S, Liu Y, et al. ACS Chem. Biol., 2013, 8(5): 856-865. 

5. Hyung S J, DeToma A S, Brender J R, et al. Proc. Natl. Acad. Sci. USA, 2013, 110(10): 3743-

3748. 

 



Oral Presentation 

79 

 

Crystallographic studies on the interaction between proteins and 

platinum-based drugs 

Antonello Merlino1,2* 

1. Department of Chemical Sciences, University of Naples Federico II, via cintia, I-80126, Napoli-

Italy 

2. CNR Institute of Biostructures and Bioimages, Via mezzocannone 16, I-80100, Napoli, Italy 

Corresponding author email:antonello.merlino@unina.it 

 

 

ABSTRACT: Interactions of the Pt-based drugs with proteins play crucial roles in their uptake and 

biodistribution, as well as in determining their side effects, resistance and overall pharmacological 

profile. Recent structural studies have revealed the molecular bases of protein-cisplatin recognition 

(1-4) and of the interaction between oxaliplatin (5-6), carboplatin and other Pt compounds (7-8) 

with the model proteins lysozyme and ribonuclease A. The results of these structural analyses will 

be analyzed and discussed.   

This work has been financially supported by P.O.R. Campania FERS 2007-2013 - “Realizzazione 

della Rete delle Biotecnologie in Campania”. 
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ABSTRACT: In cells, copper ions outside of the pre-organized coordination sphere of the 

cuproenzymes or copper transporting proteins catalyze the formation of ROS (Fenton and Haber-

Weiss reactions). ROS provoke the oxidative stress that results in neurodegenerative and oncologic 

diseases. The using of chelating agents to reduce bioavailable copper level is clinically verified for 

a number of diseases (Wilson’s, Alzheimer's and Parkinson's diseases, tumor growth, etc.). For that 

the specific abiogenic chelators are applied; however they have serious side effects. Also 

methanobactin (copper binding peptide of Methanococcaceae) and silver ions (as a substitute of 

copper in the metabolic copper traffic [1]) were used to reduce copper concentration in the body.  

 In this work, the chelating properties of the hybrid protein consisting of the N-terminal 

extracellular domain of hCTR1, high affinity copper importer, and glutathione-S-transferase were 

investigated. CTR1 N-terminal domain (NdCTR1, 66 aa) contains three motives to bind Cu (I), Cu 

(II) and Ag (I). Fragment of Slc31a1 human gene, encoding NdCTR1 was cloned into expression 

plasmid vector pGEX-4T-1 [2]. The correctness of the insert was confirmed by direct sequencing. 

Fused polypeptide (GST-NdCTR1) synthesis was induced by IPTG in transformed E. coli BL21 

(DE3)/NdCTR1. The identity of the fused protein product was established by Western-blot analysis 

with antibodies to GST and to metal binding motive 2 of NdCTR1. Cells with induced synthesis of 

GST-NdCTR1 were treated with AgNO3, CuSO4, silver and copper nanoparticles (Ag-NP and Cu-

NP). Metal toxicity was assessed by colony forming ability of the treated cells. Ag-NP and Cu-NP 

were synthesized by chemical reduction in liquid solution in present micellar system [3, 4]. The 

metal concentration was measured by atomic absorption spectrometry.  

It was shown that cells synthesizing GST-NdCTR1 were more resistant to silver ions, but 

not to copper. Intracellular Ag and Cu concentrations were higher than in non-induced cells. The 

antibacterial effect of Ag-NP and Cu-NP depended on the Ag(Cu)-NP concentration, particle size 

and on the chemical nature of the stabilizer. GST-NdCTR1-contaning cells are more resistant to 

toxic effects of both Ag-NP and Cu-NP. Obtained data allow us to conclude that GST-NdCTR1 has 

chelating properties. The NdCTR1 advantages as a copper chelating agent are discussed.  

The work was supported by RFBR grants 15-04-06770 (PLV)  
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ABSTRACT Saccharomyces cerevisiae strains are exposed to various stressful conditions during 

biofuels production, which include the toxic level of ethanol and inhibitors from cellulosic 

hydrolysates, high temperature and so on. Improvement of stress tolerance of yeast strains benefits 

economic production of fuel ethanol, which is acting as alternative clean energy in many countries 

all over the world. In our previous work, the protective effect of zinc against ethanol toxicity was 

revealed. Improvement of ethanol tolerance and thermal tolerance was observed by zinc 

supplementation during continuous high concentration ethanol fermentation, and the ethanol 

production of the self-flocculating yeast SPSC01 was greatly increased by suitable concentration of 

zinc. Acetic acid is one of the major inhibitory compounds for cellulosic ethanol production by yeast 

strains of Saccharomyces cerevisiae, therefore, improvement of acetic acid tolerance plays 

important role for efficient biofuel production. Metabolic profiling of the yeast cells with or without 

zinc addition in the presence of high concentration of acetic acid was studied in batch fermentation. 

The results showed that zinc addition lowered ROS accumulation, and higher contents of 

intracellular alanine, valine and serine were observed by zinc supplementation. The most significant 

change was revealed in alanine content, which is 3.51-fold of that of the control culture in cells in 

the stationary phase. Subsequently, it was found that alanine addition resulted in faster glucose 

consumption in the presence of acetic acid, and apparently decreased ROS accumulation in zinc-

supplemented cells. In addition, intracellular glutathione (GSH) accumulation was enhanced by zinc 

addition, which is related to the protection of yeast cells from the oxidative injury caused by acetic 

acid. Our studies revealed for the first time that zinc modulates cellular amino acid metabolism and 

redox balance, and the effects of zinc-containing transcriptional regulator on stress tolerance were 

also demonstrated. 

KEY WORDS: Zinc, Saccharomyces cerevisiae, stress tolerance, biofuels production.  
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Objective: To investigate the influence of rare earth elements (REEs) La, Ce, Pr, Nd, Gd to the 

growth of SD rats, explore the accumulation features of them in different tissues and organs of SD 

rats and the metabolism and detoxification ability of high dose REEs.  

Methods: 50 healthy male SD rats (140 ~ 160 g) were randomly divided into control group, low 

dose group, medium dose group, high dose group and detoxification group. The control group 

received gavage with 35% sodium citrate solution, Low, medium, high dose group and 

detoxification group received gavage with the sodium citrate solution  content 25.7% REEs 

(La:6.9%, Ce:15.4%, Pr:1.7%, Nd:1.1%, Gd:0.22%, other rare earth elements accounted for 0.38%), 

lavage dose was 50mg/kg•bw, 500mg/kg•bw, 5000mg/kg•bw and 5000mg/kg•bw , respectively. 

Four weeks later, we collected the hair, whole blood and visceras of rats. And we collected the 

samples from detoxification group after drug withdrawal for four weeks. We detected the La, Ce, 

Pr, Nd, Gd REEs content in samples by inductively coupled plasma mass spectrometry (ICP-MS).  

Results: REEs La, Ce, Pr, Nd, Gd stimulated the body weight growth of SD rats in low dose and 

restrained in high dose, and the tendency apparently increasing with feeding time increased. The 

absolute content analysis indicated that 5 REEs concentration in rats tissues and organs all increased 

with the infected dose increasing, and there were no statistical differences of La, Ce, Pr, Nd, Gd 

content in whole blood and hair among detoxification groups, control group and low dose group (P > 

0.05). The Pr, Nd, Gd concent in femur of detoxification group was higher than the control group, 

low dose group (P < 0.05), The La, Ce content was no difference with the control group (P > 0.05), 

5 REEs content in the liver, spleen of detoxification group was higher than control group and low 

dose group (P < 0.05). Relative abundance analysis results showed that La, Ce, Pr, Nd, Gd relative 

element abundance of whole blood, hair and the liver did not change a lot with the change of infected 

dose, the relative abundance of Ce in femur was obviously reduced in low dose group and medium 

dose group, the relative abundance of La, Pr was relatively higher. There was an inversion of La, 

Ce elements relative abundance in the spleen between high dose group and test substances. 

Conclusion: REEs La, Ce, Pr, Nd, Gd had a Hormesis effect on body weight growth of SD rat. The 

accumulation of REEs La, Ce, Pr, Nd, Gd have reversibility in rats whole blood and hair, but no 

reversibility in femur, spleen, liver. Different tissues and organs can absorption and accumulation 

of rare earth elements in selective, especially the femur and the spleen had a poor ability for Ce 

element accumulation. The accumulation, metabolism and function of common REEs in the femur, 

spleen and liver should be further explored. 

Keywords: rare earth elements; SD rats; ICP-MS 

 

Reference： 

1. Elks CM, Reed SD, Mariappan N, et al. PLoS One, 2011, 6(9): e24028. 

2. Haiqing X, Fuliang L, Zhiyong Z, et al. Toxicology Letters, 2005, 15(5):247-252. 

3. Kavok NS, Averchenko KA, Klochkov VK, et al. Eur Phys J E Soft Matter, 2014, 37:127. 

4. Fan GQ, Yuan ZK, et al., J Hyg Res, 2004, 33: 23-28. 

5. Robijn S, Vervaet BA, Hoppe B, et al. J Urol, 2013, 189:1960-1966. 

6. Chen C, Zhang P, Chai Z, et al. Analytica Chimica Acta, 2001, 439:19-27. 

7. Yue-yue M, Yue-Long C, Yu L, et al. Geological Bulletin of China,2010, 29(6):880-890.  
8. Zhou W, Ji-chang Z, Hui–mi Z, et al. Chin J Ctrl Endem Dis, 2014, 23(3):165-168.  

9. Jingxiu L, Xiaoyan W, Qing X, et al. Journal of Hygiene Research, 2007, 36(6):734-736. 

mailto:wjy@bjmu.edu.cn


Oral Presentation 

83 

 

Ruthenium(II) complexes as fluorescence probe in imaging living cell 

Yang Ding1, Hao Zhang2, Kangdi Zheng3, Xicheng Wang2, Wenjie Wen1* 

1 School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou, China.  

2 the First Affiliated Hospital of Guangdong Pharmaceutical University, Guangdong 

Pharmaceutical University, Guangzhou, China. 

3School of Tradition Chinese Medicine, Guangdong Pharmaceutical University,  

Guangzhou 510006, China. 

Corresponding author email: wenjiemei@126.com 

 

ABSTRACT: For years ruthenium(II) complexes have been proposed as useful fluorophores for 

cell imaging ascribe to their attractive photophysical properties [1-6] (Fig. 1). We design and 

synthesized a series of polypyridine ruthenium(II) complexes, some of these complexes exhibit high 

cellular uptake properties and can be used to lighting up the cells, even living cells. Our studies 

show that this kind of ruthenium(II) complexes can be developed as novel class of imagine agents 

in imaging living cells in the near future. 

KEY WORDS: Ruthenium(II) complexes; Fluorescence probe; Living cells  
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ABSTRACT:Integrin α5β1 binds to an Arg–Gly–Asp (RGD) motif in its ligand fibronectin. We 

report high-resolution crystal structures of a four-domain α5β1 headpiece fragment, alone or with 

RGD peptides soaked into crystals, and RGD peptide affinity measurements. The headpiece 

crystallizes in a closed conformation essentially identical to that seen previously for α5β1 complexed 

with a Fab that allosterically inhibits ligand binding by stabilizing the closed conformation. Soaking 

experiments show that binding of cyclic RGD peptide with 20-fold higher affinity than a linear RGD 

peptide induces conformational change in the β1-subunit βI domain to a state that is intermediate 

between closed (low affinity) and open (high affinity). In contrast, binding of a linear RGD peptide 

induces no shape shifting. However, linear peptide binding induces shape shifting when Ca2+ is 

depleted during soaking. Ca2+ bound to the adjacent to metal ion-dependent adhesion site 

(ADMIDAS), at the locus of shape shifting, moves and decreases in occupancy, correlating with an 

increase in affinity for RGD measured when Ca2+ is depleted. The results directly demonstrate that 

Ca2+ binding to the ADMIDAS stabilizes integrins in the low-affinity, closed conformation. 

Comparisons in affinity between four-domain and six-domain headpiece constructs suggest that 

flexible integrin leg domains contribute to conformational equilibria. High-resolution views of the 

hybrid domain interface with the plexin–semaphorin–integrin (PSI) domain in different orientations 

show a ball-and-socket joint with a hybrid domain Arg side chain that rocks in a PSI domain socket 

lined with carbonyl oxygens. 
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ABSTRACT: Tellurium (Te) is a member of the group 16 element, same as sulfur (S) and selenium 

(Se), and is widely used in industry because of its unique chemical and physical properties. Although 

Te is expected to be metabolized at least in part via the same pathway as Se in animals [1], the 

precise metabolic pathways had not been known. Recently, we have revealed that garlic (Allium 

sativum), a known Se-accumulating plant, was able to metabolize the inorganic Te compound, 

tellurate, into telluroamino acid, namely Te-methyltellurocysteine (MeTeCys) [2]. From the 

viewpoint of environmental toxicology, the metabolism and toxicity of plant Te-metabolites such 

as telluroamino acid should be considered to fully understand the overall toxicity of Te to humans 

and animals when Te is ingested through the food web. In this study, we analyzed the body 

distribution, metabolism and excretion of Te in rats after administration of garlic leaves containing 

plant Te-metabolites.  

   Garlic used for animal experiments was exposed with tellurate at the concentration of 1 mM for 

2 weeks. Male Wistar rats were administered orally with the garlic leaves at the concentration of 0.1 

mg Te/kg body weight (garlic Te group). The rats administered with inorganic Te, sodium tellurate 

at the same concentration of Te served as a positive control (tellurate group). The rats were 

euthanized 24 h after the administration, and then blood and tissues were excised. The concentration 

of Te in all of the samples was determined by inductively coupled plasma-mass spectrometry (ICP-

MS). Speciation analysis of Te in the samples was performed by LC-ICP-MS.  

   Tellurium was mainly distributed in blood, liver and kidneys in the rats of both groups at 24 h 

after administration. Te concentrations in the kidneys, pancreas, spleen and blood of the garlic Te 

group were significantly higher than those of the tellurate group. On the other hand, the amount of 

Te excreted in urine of the garlic Te group was approximately half of that of the tellurate group. The 

speciation analysis of urinary Te showed that plant Te-metabolites and tellurate were metabolized 

to trimethyltelluronium (TMTe) in the rats. These results suggest that plant Te-metabolites are more 

easily accumulated in the body than inorganic Te. Toxicities of plant Te metabolites in animals 

should be evaluated in future studies.  

KEY WORDS: Tellurium, plant Te-metabolites, garlic, rat, LC-ICP-MS. 
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ABSTRACT: Alzheimer’s disease is a devastating and invariably fatal neurodegenerative brain 

disorder with no cure. AD is characterized by two pathological protein deposits, the senile plaques 

composed mainly of amyloid-β (Aβ) peptide and the neurofibrillary tangles consisting of paired helical 

filaments (PHF) of protein tau. In addition, oxidative stress, signal transduction disruption and metal 

ions dyshomeostasis also play significant roles in the development of AD. Selenium (Se) is essential 

for proper brain function, and it is preferentially retained in the brain under conditions of low 

selenium intake. We examined the potential roles of selenoprotein P (SelP) and an organic Se-

containing compound Se-Methyselenocysteine (SMC) in the intervention of AD. 

We found that metal binding promoted the aggregation, ROS production and neuronal 

cytotoxicity of Aβ and tau. Copper associated tau aggregates, decreased protein levels of MAP-2 

and synaptophysin in the primarily cultured cortical neurons, reduced mitochondrial density and 

mobility in the axon, and as a consequence, impaired the growth probably also its function of the 

neuron. SelP bound Zn2+, Cu+ and Cu2+ with much higher affinities than Aβ and tau, which make it 

not only inhibited copper-mediated Aβ/tau aggregation, but also interfered with the on-going 

aggregation and reversed the already formed aggregates. More intriguing, SelP-H significantly 

attenuated Cu2+/Cu+-tau-induced intracellular ROS production and the impairments of synapse and 

mitochondrial movement in neurons. 

We also examined the potential of SMC in the treatment of cognitive dysfunction and 

neuropathology of triple transgenic AD (3×Tg-AD) mice. After 5 months treatment, 3×Tg-AD mice 

showed significant improvements in cognitive deficit. SMC treatment reduced the levels of 

phosphorylated tau, by increasing the activity of protein phosphatase 2A and decreasing the activity 

of glycogen synthase kinase 3β (GSK3β) in the hippocampus and cortex of the 3×Tg-AD mice. 

Meanwhile, SMC mitigated the decrease of synaptic proteins including synaptophysin and 

postsynaptic density protein 95. Glial activation in AD mice was also inhibited by the treatment of 

SMC. Additionally, we demonstrated that SMC play some roles in regulating the redox activity and 

metal homeostasis in the brains of AD mice. This study provides a novel therapeutic approach for 

the prevention of AD. 

KEY WORDS: Alzheimer’s disease (AD); Selenoprotein P (SelP); Se-Methyselenocysteine (SMC). 
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ABSTRACT:To predict potential medical value or toxicity of nanoparticles (NPs), it is necessary 

to understand the chemical transformation during intracellular processes of NPs. However, it is a 

grand challenge to capture a high-resolution image of metallic NPs in a single cell and the chemical 

information on intracellular NPs. By integrating synchrotron radiation beam transmission X-ray 

microscopy (SR-TXM) and SR-X-ray absorption near edge structure (SR-XANES) spectroscopy, 

we successfully capture the 3D distribution of silver NPs (AgNPs) inside a single human monocyte 

(THP-1), associated with the chemical transformation of silver. The integrated techniques 

successfully captured key chemical and biological information on AgNPs during cellular uptake, 

accumulation, degradation, chemical transformation, and removal. The spatial distribution and 

intracellular translocation of silver in a single cell has been captured by TEM and SR-TXM with 

3D tomographic imaging; meanwhile, the SR-XANES revealed the temporal transformation of 

AgNPs from elemental silver (Ag0)n, to Ag+ ions and Ag-O-, then Ag-S-species. This new evidence 

well correlates with key events of cytotoxicity including upsetting integrity of the lysosomal 

membranes, decreased mitochondrial membrane potentials, induced reactive oxygen speciea (ROS) 

generation, and finally apoptosis. Our study indicates that particulate form of AgNPs, their degraded 

forms, and the induced ROS play synergetic roles in mediating AgNP cytotoxicity to human 

monocytes. In addition, the present study provides us with an advanced approach for nondestructive 

detection of intracellular NPs capable of exploring the chemical origins of cytotoxicity in metallic 

nanoparticles. It provides direct information to reveal the origin of nanotoxicity and also helps us 

understand biomedical interactions of nanomaterials and their possible mechanisms in nanosafety 

assessments and application fields. 

KEY WORDS: nanoCT, XANES, silver nanoparticles, cytotoxicity 
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ABSTRACT: Accumulated evidence showed that the apoptosis which is induced by ruthenium 

complexes play a key role in inhibiting the growth of cancer cells [1-2]. In the early studies, we 

have already found that polypyridyl ruthenium(II) complexes is able to induce mitochondria-

mediated apoptosis in melanoma A375 cells through regulation of Bcl-2 family members [3], which 

is closely associated with c-myc [4]. Recently, we found demonstrated that polypyridyl ruthenium(II) 

complexes can act as potential apoptosis inducers with low toxicity in clinic by stabilizing c-myc 

G-quadruplex DNA which over-expressed in the majority of human cancer [5].  

KEY WORDS: Ruthenium(II) complexes, apoptosis, mitochondria, G-quadruplex 
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ABSTRACT:To date, after incorporation of transition metals into zeolite frameworks, the 

development of heteroatomic zeolites are gaining intensive attention.1 It was first elucidated the 

reactivity of hierarchical heteroatomic Fe-ZSM-5 zeolite could mediate the trans-phosphorylation 

of amino acid residues in its immobilized E. coli phytase protein during the presence of phosphate 

and H2O2. The phosphorylation sites were previously identified in E. coli phytase protein i.e. Peptide 

I (NAQGMCSLAGFTQIVNEAR) and Peptide II (AGGSIADFTGHR). By using bio-mass 

spectrometry-based proteomic approach, it was evidenced that Peptide I was apt to remain specific 

phosphorylation state, in contrast, Peptide II was involved a probable de-phosphorylation event. At 

the same time, newly emerged phosphorylation sites in phytase protein were identified through 

phosphoryl transfer process.  

KEY WORDS: Fe-ZSM-5 zeolite; Immobilization; Proteomics; Phytase; Trans-phosphorylation 
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ABSTRACT: Selenium(Se)is one ofessential trace elementsfor mammals andplaysan important 

role in biological functions such as antioxidant effect. In recentstudy, ithas been reportedthat 

oxidative stress in brain of mammalsunder Se deficientstate has relation to Alzheimer’s disease and 

Parkinson’s disease.1Brain has homeostasisto maintain Se concentrationunderSe deficient 

state.2Selenoproteins in brain exist ascellular glutathioneperoxidase (cGPx),selenoprotein P (Sel-

P),selenoprotein W (Sel-W), and thioredoxin reductase (TrxR).3These proteins have 

antioxidanteffect whichreducesreactive oxygen species (ROS)such as super oxide anion radical 

(O2·-) and hydrogenperoxide (H2O2).Superoxide dismutase (SOD), metallothionein (MT) I-

III,andcatalase (CAT) have also function ofantioxidant effect and thosecontain essential trace 

elements of Mn,Cu,Zn, and Fe.On the other hand, Fe ionisused ascatalystwhenO2·-and H2O2produce 

hydroxylradical(·OH). ·OHtriggerscell injury. Cytochrome c(Cyt c) has Fe ionto work for theredox 

reaction. 

In this study, we focused on the concentration ofessential trace elements of Mn, Fe, Cu, Zn,and Sein 

brain of mice. The mice received differentnutritional diets (Se-adequate:2.25 μg Se day-1and Se-

deficient:<0.25 μg Se day-1) for 4 weeks and then, normal saline, 82Se (IV),or82SeMetwas 

intravenously injected to the mice.Speciation analysis was conducted by size-exclusion 

columnHPLC-ICPMS.The amounts of SOD, MTs,CAT, and Cytcwith essential trace elementsof 

Mn, Cu, Zn, and Fewere reflected by the oxidation state in brain of mice.SOD, MTs,and CAT 

increasedtodecompose ROS,and Cyt cdecreased to inhibit the production of ·OHforSe-deficient 

mice.The results indicated that SOD, MTs, and CAT workas antioxidant complementarity with 

cGPxin brain of Se-deficient mice. However,there are still a few unidentifiedproteins with Mn, Fe, 

Cu, Zn, and Se in brain. Therefore,tandem heparin affinity and size-exclusion column HPLC-

ICPMS will be conducted for furtheridentificationof other proteins in brain of mice. 

KEY WORDS: mouse, brain, selenium, antioxidanteffect, HPLC-ICPMS 
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ABSTRACT: Platinum-containing drugs such as cisplatin, carboplatin and others have been widely 

used for anti-cancer treatment for more than four decades [1]. However, though extensively studied, 

especially resistance mechanisms of certain tumor types still have not been fully revealed. Detailed 

investigations on drug incorporation and its conversion in cellular systems can help to gain 

knowledge about uptake pathways and may lead to the development of improved treatment 

strategies. Due to its high sensitivity and the possibility of laterally resolved analysis, laser ablation-

inductively coupled plasma-mass spectrometry (LA-ICP-MS) is perfectly suitable for the analysis 

of platinum and other trace elements in cell cultures, xenografts, as well as tissue samples from 

animal models and/or human patients [2]. Combined with traditional histological and 

immunohistochemical techniques, and other mass spectrometric imaging techniques (e.g., ToF-

SIMS, MALDI), an in-depth analysis of biological processes beyond the state-of-the-art-knowledge 

is possible. This work has been focused on the analysis of human malignant mesothelioma samples, 

where cytostatic agents containing platinum are commonly used as an anti-tumor treatment. Besides 

platinum, also investigations on other physiologically relevant trace metals have been performed. 

Recent developments in trace element imaging using LA-ICP-MS including novel multi-elemental 

quantification approaches, improvements regarding lateral resolution, as well as medical application 

examples will be presented. 

KEY WORDS: Platinum, LA-ICP-MS, imaging, tissue analysis, trace elements 
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ABSTRACT: Recently Time of Flight Secondary Ion Mass Spectrometry (ToF-SIMS) represents 

an attractive technique for the analysis of biological samples.[1] The mass spectra not only reveal 

the localisation of exogenous compounds within the sample, but can also distinguish different 

histological domains of the tissue, due to their molecular composition.[2, 3] Particularly of great 

importance is the mapping of intracellular distributions of anti-cancer therapeutics.[4] Besides the 

localisation of certain anti-cancer drugs, also the efficiency of the treatment is of great interest, thus 

quantification can provide further essential information.  

It is also possible to perform a three-dimensional reconstruction of the analysed depth profiles with 

ToF-SIMS, for gaining information not only laterally. Since ToF-SIMS is not well-known for its 

strength in quantification, a combination with techniques like LA-ICP-MS will give the possibility 

to quantify the uptake of the drug. We showed the distribution of characteristic fragments of 

platinum containing therapeutics within a cancer tissue. The results indicate a separation of the 

platinum core from the organic chelating agent during the incoporation, thus giving new insights 

not only into uptake, but moreover the effect and impact on the whole organism, like reactions with 

the surrounding areas.  

KEY WORDS: ToF-SIMS, Tissue Analysis, anti-cancer drugs, Elemental and Molecular Imaging,  
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Objective：It is possible to use the specificity of the biological inorganic fingerprint to implement 

the functions such as species identification, place of origin analysis, disease diagnosis and tracking 

of development process, and so on. This study aimed to analyze the inorganic fingerprint of three 

common bacteria, explore the specific correlation among different elements, constructing biological 

inorganic fingerprint to apply in the rapid identification of bacteria.  

Methods: Quantitative detection of 5 kinds trance elements K, Mg, Fe, Zn, Cu in staphylococcus 

aureus, escherichia coli and salmonella 8 cases of each. Analyses were performed by a 7700 

inductively coupled plasma mass spectrometry (ICP-MS, Agilent Corp. USA) .Rank-sum test and 

discriminant analysis were used to analyze the elements ratio.  

Results: 10 elements ratio of 5 metal elements of 3 kinds of bacteria were all statistically significant 

(P < 0.001). K/Mg ratio of staphylococcus aureus was far higher than escherichia coli and salmonella, 

the Fe/Cu ratio, Fe/Zn ratio of escherichia coli were the highest, staphylococcus aureus were the 

lowest. The discriminant function constituted with K/Mg, Fe/Cu, Fe/Zn element ratios can better 

distinguish staphylococcus aureus, escherichia coli and salmonella. The established discriminant 

function is U(1)=-2.626K/Mg+ 0.044Fe/Cu+4.677Fe/Zn +7.852. This equation can be used for 

rapid detection of unknown samples. 

Conclusions: Trace elements have inseparable relations with vital activities of microorganism, the 

microbial selectivity of trace elements is ubiquitous phenomenon. The inorganic elements 

absorption of different kinds of pathogenic bacteria were difference. We can better distinguish three 

kinds of pathogenic bacteria by the element ratios detection of 5 metal elements K, Mg, Fe, Zn and 

Cu. Inorganic fingerprinting method can be applied to rapid verification of common pathogenic 

bacteria. With the data processing method of the biostatistics, we can build the biological inorganic 

fingerprint to discriminate the pathogenic bacteria spices and function status from the perspective 

of holistic and systemic. Absorption regularity of various elements and the effect on pathogenic 

bacteria activity remains to be further explored. 

Keywords: Inorganic fingerprint; trace elements; ICP-MS; pathogenic bacteria 
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ABSTRACT: Protein phosphorylation analysis is important for understanding cell regulations. 

Mass spectrometry (MS) is a powerful technique for peptide phosphorylation analysis. However, 

quantification of low abundance phosphoproteins in a complex mixture of proteins is still a 

challenge. Absolute protein quantification by inductively coupled plasma mass spectrometry (ICP-

MS) with element tags has great application potential and has emerged rapidly in recent years due 

to its high sensitivity. To further improve the sensitivity of analytical method and remove the matrix 

effect, novel preconcentration techniques with high selectivity for phosphoproteins or 

phosphopeptide is highly demanded.  

In this presentation, we developed a novel method of chip-based magnetic solid phase 

microextraction (MSPME) combined with capillary high performance liquid chromatography 

(capHPLC)- ICP -dynamic reaction cell (DRC)- MS for the absolute quantification of 

phosphopeptides. With self-prepared Fe3O4@TiO2 magnetic nanoparticles assembly-packed in the 

microfluidic channel as the extraction column, we can selectively enrich phosphopeptides by chip-

based MSPME. Factors influencing the chip-based MSPME of the phosphopeptides were optimized 

and the proposed chip-based MSPME-capHPLC-ICP-MS method was validated by the quantitative 

analysis of the phosphopeptides in human serum.  

KEYWORDS: chip-based magnetic solid phase microextraction, capHPLC-ICP-MS, 

phosphopeptides 

 

 

 

REFERENCES 

1. A.P. Navaza, J.R. Encinar, A. Sanz-Medel, Angew. Chem.-Int. Edit., 2007, 46: 569-571. 

2. D. Profrock, J. Anal. At. Spectrom., 2010, 25: 334-344. 

3. A.P. Navaza, J.R. Encinar, M. Carrascal, J. Abian, A. Sanz-Medel, Anal. Chem., 2008, 80: 

1777-1787. 

4. D. Profrock, A. Prange, J. Chromatogr. A, 2009, 1216: 6706-6715. 

  



Poster Presentation 

96 

 

Chromium Distribution Pattern and Conversion in Single Cells with 

Detection by ICP-MS 

Xing Wei, Lin-Lin Hu, Ting Yang, Ming-Li Chen*, Jian-Hua Wang 

Research Center for Analytical Sciences, Northeastern University, Shenyang, 110819, China 

Corresponding author email: chenml@mail.neu.edu.cn, jianhuajrz@mail.neu.edu.cn 

 

ABSTRACT: In the studies of cell biology, it is highly important to understand the specific behavior 

of cells in the biological system or natural environment where the cells are exposed to. It is well-

known that so far at least 25 elements have been demonstrated to be essential for life, and among 

which most are metals or metalloids. Generally, the chemical information in biological cells is 

achieved by means of analysis of the cell population, given in the form as a statistical average. 

However, the statistical average values could hardly illustrate the behavior of individual or single 

cells, and in many cases such information tends to cause the loss of important information in cell 

biology.  

In the present study, as one of the essential metal elements for life, the level of chromium in 

HeLa cell subject to culture in Cr(VI) or Cr(III) spiked culture medium has been investigated. The 

experimental results indicate that the chromium level in the cells has been increased after spiking 

of the chromium species. The variation of chromium level in the cells is tracked by detection with 

time-resolved ICP-MS. It is indicated that by spiking same concentration of Cr(III) and Cr(VI) in 

the culture medium, the residual concentration of chromium(VI) is found to be higher than that for 

Cr(III) in the culture medium after cell culture. This means that Cr(III) is more easily uptaken by 

the HeLa cells than that for Cr(VI). In other words, the cells themselves selectively uptake Cr(III) 

against Cr(VI), or in this particular case the cells tend to bind with metal species with low toxicity. 

On the other hand, the chromium level in the individual cells after Cr(III) spiking is increased 

linearly with the Cr(III) concentration in the culture medium. On the other hand, HeLa cells resist 

uptake of Cr(VI) at lower concentration, while after a concentration threshold, a lot more Cr(VI) 

enters into the interior of HeLa cells, and a much higher concentration level of chromium is observed 

in the cells with respect to that for Cr(III) spiking in the culture medium.  

KEY WORDS: ICP-MS, single cell analysis, chromium, element analysis 
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ABSTRACT: Cisplatin and its derivatives have gained great success in cancer therapy, however, 

their clinical use is hindered by their severe side effects and easily acquired drug-resistance. 

Recently, cyclometalated phosphorescent iridium(III) complexes have attracted considerable 

attention owing to their intriguing photophysical properties as well as anticancer properties1. Our 

group has explored iridium(III) complexes as novel theranostic anticancer agents[2-5]. 

Autophagy is a complicated and dynamic cellular process, which can let the cell turnover and 

recycle cytoplasmic components through a lysosome-dependent pathway. It is still hard to sure the 

role of autophagy in cancer. On one hand, autophagy can degrade damaged organelles which may 

cause oncogene activation and tumor progression. On the other hand, autophagy can be activated in 

tumors to reduce the efficacy of radiotherapy and some forms of chemotherapy.  

Because the strong correlation exists between autophagy and tumor suppression, autophagy 

regulators may have great potential to be anticancer agents[6]. 

Herein, we found a series of cyclometalated iridium(III) complexes which can target lysosome in 

the cell. Besides, these complexes kill the cancer cells by inducing autophagy process. 

KEY WORDS: iridium; autophagy; anticancer agents. 
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ABSTRACT:Isotope dilution analysis (IDA) has become a powerful internal calibration technique 

for inductively coupled plasma mass spectrometry (ICP-MS) for the highly precise and accurate 

determination of elements with at least two stable isotopes within diverse matrices. However, 

monoisotopic elements are excluded from IDA and the calibration of many radioactive isotopes is 

cumbersome and expensive, since often neither elemental standards nor enriched standards at all 

are available. 

Technetium (Tc) is one of these elements, and 99Tc is a nuclide which is generated in high amounts 

in nuclear waste as a result of the neutron induced fission of 235U in nuclear power plants. The 

present abundance of 99Tc is almost exclusively the result of anthropogenic contamination resulting 

from processes like nuclear weapon testing, reprocessing of spent nuclear fuel, nuclear accidents, 

nuclear power plants as well as medical applications. Due to a long half-life of 214,000 years, a 

high mobility and a high fission yield, 99Tc is considered to be the most important radionuclide in 

risk assessment of radioactivity in the environment, as well as in decommissioning nuclear facilities 

and in the management of nuclear waste. It is moreover believed to be an important contributor to 

the future collective dose to the population. 

In this work, a new method named isobaric dilution analysis (IBDA) was developed and evaluated 

for the internal calibration of Tc. It uses the fact that conventional mass analysers cannot distinguish 

between two isobaric isotopes of different elements. Therefore, 99Tc can be spiked with a Ru solution, 

exhibiting one isobaric isotope with m/z 99. Similar as for IDA, monitoring the isotope ratio allows 

a calibration. Unlike for IDA, for IBDA it has to be considered that the used elements show a slight 

difference in their response. In order to avoid spectral interferences and to push the detection limits 

beyond the instrumental limits, an extraction chromatography method was developed and coupled 

online to ICP-MS. To obtain quantitative data, a Ru solution was spiked for a post column IBDA. 

The developed and optimized methods were used for the determination of 99Tc in contrast agents, 

biological samples as well as in environmental samples. 

KEY WORDS: 99Technetium, online extraction chromatography, ICP-MS 
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ABSTRACT: The increasingly observed associations of protein level variations to important 

alterations of biological processes are placing quantitative proteomics as a top priority in current 

research in the field. The use in the last few years of elemental MS techniques with an ICP 

(inductively coupled plasma) ionization source, has opened a new door to “absolute” protein 

quantification, without the need for specific standards (a great advantage in comparison to molecular 

MS-based techniques approaches to absolute quantification of proteins [1]). Protein 

phosphorylation is one of the most important post-translational modifications (PTMs) as it is 

involved in many significant cellular processes. Traditionally, most of the studies have focused on 

phosphorylation sites determination rather than on quantification or dynamic studies and, previous 

efforts in phosphorylation degree determination by ICP-MS were limited by the need of a previous 

knowledge of the protein concentration [2]. 

Sulfur and phosphorus are elements extremely important in biomolecules. The ICP-MS detection 

of both elements has been traditionally hampered due their high ionization potential and numerous 

polyatomic interferences. In this context, ICP-QQQ has been recently proposed for removing 

interferences with high efficiency providing very low detection limits of such elements [3]. Thus, a 

methodology for absolute protein quantification based on ICP-QQQ, coupling the ICPMS detector 

to capillary reversed phase liquid chromatography (capLC) via a total consumption nebulizer as a 

sample interface has been here evaluated. Results obtained using species-unspecific Isotope 

Dilution Analysis (IDA) for the determination of different standard proteins have been validated 

Moreover, the simultaneous determination of P/S ratios by ICP-QQQ on transient signals in 

phosphoproteins and phosphopeptides has also been conducted.  The analysis of the intact protein 

by capLC-ICP-MS allowed to obtain the global protein phosphorylation degree, using phosphate 

and methionine as unspecific calibrants.   

KEY WORDS: Proteomics, Phosphorylation degree determination, ICP-QQQ   
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ABSTRACT: Excess manganese (Mn) in brain can be neurotoxic, implicated in several 

neurodegenerative disorders such as sporadic Alzheimer’s disease (AD). However, little is known 

about the altered metal environment including elevated Mn in the progressive cognitive impairment 

of AD. Indeed, whether high Mn is associated with AD risk remains elusive. We recruited 40 

Chinese elders with different cognitive statuses in the study to investigate concentrations of Mn in 

whole blood and plasma Aβ peptides. Surprisingly, there was a significant inverse correlation of 

increased Mn with decreased MMSE score. In addition, plasma Aβ peptides were increased with 

elevated Mn. Further studies in vitro and in vivo demonstrated dose related neurotoxicity and 

increase of Aβ by Mn treatment, which was probably caused by disrupted Aβ degradation. These 

data suggested that high Mn may be involved in the progress of AD as an essential pathogenic factor. 
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ABSTRACT: Methylmercury (CH3Hg+) bioaccumulates in food chains and is able to cross the 

blood – brain and placental barrier, making this organic chemical compound a much more 

worrisome pollutant than inorganic mercury. Selenium is both an essential material and an industrial 

pollutant. It can alleviate the toxicity of many heavy metals, including Hg. Interactions between 

selenium and mercury occurs in many diverse biological systems. However, the effect of intestinal 

microflora on the absorption and disposition on CH3Hg+ is poorly understood. Therefore, 

Escherichia coli, Enterobacter aerogenes and Saccharomyces Cerarisiae are selected as the typical 

intestinal microflora in this study. These three species of bacterium were exposed to CH3Hg+, equal 

molar ratio of CH3Hg+ and Na2SeO3 for 48 h, respectively. Our previous studies revealed that 

selenium (Na2SeO3) could significantly enhance the demethylation rate of methylmercury in the 

three speciese of bacterium. The possibility of adding Se compounds to these bacterium as a 

remediation technique to limit the bioaccumulation of CH3Hg+ is critically discussed. 
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ABSTRACT: Alzheimer’s disease (AD), associated with degeneration of neurons and synapses in 

the brain, leads to motor impairment and eventual fatality. Neurodegeneration likely results from 

various inter-connected factors, including (i) plaque formation due to aggregation of amyloid-b (Ab) 

peptide fragments, (ii)metal ion dyshomeostasis and miscompartmentalization, as well as (iii) 

inflammation and increased oxidative stress due to reactive oxygen species (ROS). The inter-

relations between some of these pathological factors have been investigated. Metals are found 

entangled in the Ab plaque and likely contribute to Ab neurotoxicity and oxidative stress. ROS have 

been shown to increase the rate of Ab plaque formation. Our understanding of the correlation 

between these elements and AD neuropathogenesis has been very limited, however. There is 

currently no cure for AD; therapies are focused on symptomatic relief targeting the decrease in the 

levels of acetylcholine, only one of the multiple factors causing the disease.1,2 To find a cure for 

AD, we require both a better understanding of the relationship between the various causative factors 

of this devastating disease and a rational approach to synthesize chemical agents that could target 

its multiple underlying factors simultaneously and act as novel therapeutics.1-3 Towards this goal, 

we have developed distinctive chemical features or scaffolds into a single molecule [i.e., a 

multifunctional ligand (ML)] that could display improved effectiveness through synergy.1-3 We 

have already demonstrated that some multi-functional molecules display better biological activity 

than a 1:1 combination of the two parent compounds.3 Systematic, structural modifications were 

made to ML’s framework to generate a series of progeny compounds with the goal of reducing the 

strong metal binding properties of ML as well as allow structurereactivity investigations to be 

preformed so that the critical moieties of ML can be identified. 

KEY WORDS: Alzheimer’s disease (AD); amyloid-
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ABSTRACT:Transferrin (Tf), albumin (Alb) and Electrolytes are of vital importance for 

pathological state monitoring and clinical diagnosis. In this work, the electrolytes （K, Ca and Mg）

in human serum were determined by using isotope dilution ICP-MS with a cold plasma and collision 

reaction cell mode. For the quantification of Tf and Alb in human serum, two strategies based on 

isotope dilution ICP-MS via sulfur/iron determination were used. In the post-column species-

unspecific isotope dilution HPLC-ICP-MS approach, by introducing isotopically enriched 34S and 

54Fe spikes at the same time, the human serum Tf and Alb were absolutely quantified via both sulfur 

and iron. In the other strategy, we report the absolute quantification of Tf and Alb in human serum 

by non-denaturing (native) GE combined with species-unspecific isotope dilution laser ablation-

ICP-MS. In this method, to achieve a homogeneous distribution of both protein and isotope-enriched 

spike, immersing the protein strips after gel electrophoresis with 34S spike solution was 

demonstrated to be an effective way of spike addition. Furthermore, effects of immersion time and 

34S spike concentration were investigated to obtain optimal conditions of the post-electrophoresis 

isotope dilution method. The human serum protein certified reference material (ERM-

DA470k/IFCC) was used for method validation, and the results were in agreement with the certified 

value with good precision and small uncertainty (1.5~3%). 

KEY WORDS: Species-unspecific isotope dilution; Gel electrophoresis; Laser ablation; HPLC; 

ICP-MS; Protein 
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ABSTRACT: The measurement of As species in rice is normally accomplished by extraction step 

followed by separation of the arsenic species by ion exchange liquid chromatography followed by 

detection of arsenic by ICPMS. This method, however, has not been comprehensively validated by 

comparing the speciation results obtained from HPLC-ICPMS with a solid phase technique such as 

XANES, which does not require sample extraction step. The challenges for XANES of rice is due 

to the low As concentrations present in this matrix. In this study As speciation data obtained using 

a 0.28 M nitric acid extraction step followed by HPLC-ICPMS and the results from XANES are 

compared to verify the efficacy of using 0.28 M nitric acid extraction and HPLC-ICPMS to 

determine the concentration of inorganic As, DMA, and MA in reference rice materials and common 

rice varieties obtainable in Australia.  

Total As and As species (As(III), As(V), DMA, and MA) concentrations measured in 8 reference 

materials were in agreement with values published by others or certified by the manufactures. 

XANES analysis was performed on samples having total As concentrations ranging from 0.198 to 

0.335 μg g−1 dry mass due to the detection limits of the technique. XANES results gave similar 

results of As(III), As(V), MA and DMA to HPLC-ICPMS. XANES was however, able to distinguish 

two forms of As(III): inorganic As(III) and organic As(III)GSH. Total As concentrations in market 

basket rice samples varied from 0.006 to 0.450 μg g−1 As dry mass (n = 47) with a mean ± 95%CI 

of 0.127 ± 0.112 μg g−1 As dry mass with most As present as inorganic species (63 ± 26%). DMA 

was found in nearly all the rice samples with the majority of samples containing concentrations 

below 0.05 μg g−1 As dry mass while MA concentrations were negligible (<0.003 μg g−1 As dry 

mass). Six rice varieties produced in Australia, China, and Spain all had elevated DMA 

concentrations (0.170−0.399 μg g−1 As dry mass) that were correlated with total As concentrations 

(r2 = 0.7518). In this study none of the samples tested had concentrations of As above the proposed 

CODEX limits of 0.2 – 0.3 mg/kg inorganic arsenic. 

In conclusion, comparison of As speciation by HPLC-ICPMS and XANES showed that similar As 

species were detected indicating the appropriateness of using 0.28 M nitric acid for extraction of 

rice prior to speciation. Common rice varieties obtainable in Australia generally have low As 

concentrations with most As present as inorganic As. 
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ABSTRACT: Arabidopsis kamchatica subsp. kawasakiana is an endangered winter annual 

Cruciferae that grows on sandy coast or lakeside. A. kamchatica is an allotetraploid plant produced 

through hybridization of two closely related diploid taxa, a Zn/Cd hyperaccumulating plant A. 

halleri and non-accumulating A. lyrata.1) 

In order to investigate the heavy metal accumulation and the vegetation ecology of A. kamchatica 

subsp. kawasakiana, we collected shoot tissues and rhizospheres soil samples in three natural 

habitats in the shore of Lake Biwa in Japan. Total and acid extractable soil Cd and Zn contents as 

well as the metal contents of acid digested plants were analyzed by ICP-OES (Inductively Coupled 

Plasma - Optical Emission Spectroscopy). The numbers of chromosome were counted to confirm 

the identification of A. kamchatica subsp. kawasakiana to discriminate them from its diploid 

relatives. 

The endogenous Zn concentration, strongly varied between populations, and was generally above 

the level required for hyperaccumulators in all plants. The pH of soils that strongly affect the uptake 

of metals2) were between 4.9 and 6.3. The plants obviously preferred to grow on the soils with 

topical high Zn level in one habitat. On the other hand, the rhizosphere soils from other populations 

contained basal level of Zn. These results suggest that the vegetation of A. kamchatica subsp. 

kawasakiana is rather affected by soil disturbance than by soil Zn contents. 

We concluded that A. kamchatica subsp. kawasakiana is a pseude-metallophyte and a Zn 

hyperaccumulator, perhaps due to presence of a genome from a Zn/Cd hyperaccumulating plant A. 

halleri. The natural diversity of plants will help us to understand molecular mechanism of metal 

accumulation and tolerance of plants. 
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ABSTRACT: Egeria densa Planchon (Brazilian waterweed, Hydrocharitaceae) is a submerged, 

freshwater perennial macrophyte native to subtropical regions of Brazil, Argentina and Uruguay. It 

is one of the most invasive aquatic plants in Japan. Many aquatic plants are considered to work as 

biosorbents for water purification to extract toxic chemicals including heavy metals. In this work, 

we report Mn accumulation of E. densa collected in Lake Biwa basin. 

 Aquatic plants were first collected in September in 2011 in a circular drainage canal in a 

settlement at the eastern side of the lake. E. densa was the dominant species in the sampling sites, 

and Trapa sp. (floating plant), Cabomba caroliniana and Potamogeton crispus (submerged plants) 

were also observed. Mn, Pb, Zn, and Cd in water, sediments and plants were analyzed by ICP-OES 

(Inductively Coupled Plasma - Optical Emission Spectroscopy). The submerged plants absorbed 

and accumulated environmental Mn efficiently, whereas Trapa sp. contained low amount of Mn. 

Especially E. densa plants contained 14,000 and 18,000 ppm of Mn respectively, above the 

hyperaccumulation level as 10,000 ppm. 

E. densa plants in the circular drainage canal were then collected monthly from April to October 

for 3 years and Mn accumulations were monitored. Mn contents in plants were remarkably higher 

between spring and summer than in autumn. Mn contents also varied significantly among different 

sites in Lake Biwa. To evaluate the effect of several environmental parameters, plants were 

cultivated in a hydroponic medium under controlled condition. The results showed that plant Mn 

contents in the laboratory were much less than the hyperaccumulating level, indicating that plant 

Mn absorption were strongly affected by several environmental conditions. 

VPSEM-EDX (variable-pressure scanning electron microscopy - energy dispersive X-ray 

spectrometry) allows the detailed observation of the surfaces of wet living materials without pre-

treatment, so that the epidermal structures as well as the adhering substance on the plant surfaces 

can be observed. Elemental analysis clearly showed the precipitation of Mn on the leaf surface. The 

presence of Mn oxides in dark-brown aggregates on the leaves of E. densa were determined by 

Leucoberbelin Blue (LBB) staining. LBB tests also verified the Mn-oxidizing activity in bacterial 

epiphytes isolated from the leaf surfaces of E. densa.  

Our results provide new insights for the plant epidermal bacterial flora that affects the metal 

accumulation in plants. The potential use of the aquatic plants in Mn phytomining will be discusses. 

KEY WORDS: bacteria epiphyte, Egeria densa, hyperaccumulation, Lake Biwa, manganese 
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ABSTRACT:We explore the potential of high throughput flow injection analysis combined to ICP-

MS detection for studying intact cells with regard to their cell number and elemental composition. 

More specifically, we will explore whether elemental patterns could be reliable measured in intact 

yeast (Pichia pastoris) cells by flow injection ICP-MS without any further sample preparation 

procedure such as mineralization or cell lysis. Moreover, we will address the questions whether 

heteroelements such as phosphorus, sulfur or metal labels could be used for determining a cell 

number or protein concentration by this analytical strategy. Both parameters cell number and protein 

concentration are used for normalization when measuring absolute metal quantities in cellular 

uptake studies. 

KEY WORDS: elemental composition, high throughput, cell analysis 
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ABSTRACT: Cadmium (Cd) is an environmental pollutant known to accumulate in the kidney. 

Earlier studies have demonstrated that Cd bound to metallothionein (MT) can be filtered through 

the glomerulus into the lumen of proximal tubule of kidney, and then reabsorbed into epithelial cells 

in S1 segment of proximal tubule by endocytosis of Cd-MT. However, little is known about the fate 

of degraded Cd-MT in S1 segment of proximal tubule. In the case of uric acid, its renal handling 

has been well established; uric acid is filtered through the glomerulus, reabsorbed into epithelial 

cells of S1 segment, secreted into the lumen and again reabsorbed into S3 segment, and finally 

secreted into the lumen from S3 segment. This kind of dynamic lumen-to-epithelial handling of uric 

acid in proximal tubule may also happen in the case of metals, but little information has been 

available on the transport of metals between the lumen and epithelial cells of proximal tubule. To 

elucidate the detailed handling of Cd in the kidney, we utilized immortalized cell lines derived from 

S1, S2, and S3 segments of mouse proximal tubule. These cells are cultured in a trans-well culture 

system so that the uptake and excretion of Cd from apical and basolateral sides of cells can be 

separately determined. When the uptake rates of Cd from apical and basolateral side of S1, S2 and 

S3 cells were compared, the uptake of Cd from apical side of S3 cells showed the highest efficiency. 

Cd was excreted into the apical medium more efficiently than into basolateral medium. These results 

suggest that a part of the Cd accumulated in S1 segment of proximal tubule may be excreted into 

the lumen, and then reabsorbed into S3 segment. Higher expression of ZIP8 and ZIP14 was detected 

in S3 segment of proximal tubule by in situ hybridization of mouse kidney.1) ZIP8 and ZIP14 were 

shown to be involved in the transport of Cd ions.2) Knockdown of ZIP8 or ZIP14 by siRNA 

transfection was shown to reduce Cd uptake into proximal tubule cells.1) These results suggest that 

the Cd released into the lumen in the form of Cd ion may be absorbed into S3 epithelial cells via 

ZIP8 or ZIP14. We also examined segment-specific cytotoxicity of Cd by using new biomarkers for 

kidney injury. The expression of Kim-1 (kidney injury molecule-1) in S1, S2, and S3 cells was 

enhanced by Cd exposure for 1, 3 and 6 days, while no change in expression of clusterin was 

observed. On day 6 of Cd exposure, the increase in mRNA levels of L-FABP (liver-type fatty acid 

binding protein) was detected solely in S1 cells. Thus, S1, S2 and S3 cells provide a valuable tool 

for the analysis of segment-specific transport and cytotoxicity of renal toxicant including Cd. 

KEY WORDS: cadmium, kidney, proximal tubule, transport, toxicity. 
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ABSTRACT: Multidrug resistance is an unavoidable obstacle in the development of anticancer 

research. Platinum (Pt) based complexes have been used in clinic for the therapy of a great number 

of malignant solid tumors and achieved astonishing accomplishments. However, their applications 

are usually restrained because of toxic side effects and multiple drug resistance. Therefore, 

construction of novel Pt agents to defeat drug resistance is a highly meaningful research. In this 

study, we prepared four Pt complexes (1b-4b) which could inhibit multiplication of cancer cells. We 

monitored intracellular absorption of 2b in cancer cells and cis-platinum resistant hepatoma 

carcinoma cells (R-HepG2) can absorb more Pt than HepG2 cells in the same condition. Next, we 

found the expression of ABC family protein was strongly inhibited by 2b, which contributed to 

higher uptake in R-HepG2 cells. By further research, we found 2b induced intracellular reactive 

oxidative species (ROS) overproduction and then activated different downstream signalling 

pathways, including phosphorylated p53, MAPK, AKT and ERK, which finally resulted in cell 

apoptosis. Moreover, 2b were less vulnerable by metallothionein and glutathione compare to 

cisplatin. All in all, these Pt complexes can be developed as promising anti-cancer agents to defeat 

multidrug resistance.  

KEY WORDS: Platinum complexes • Drug Resistance • Cellular uptake • Endocytosis • Apoptosis. 
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ABSTRACT: Selenium (Se), an essential dietary trace element, plays important roles in 

inflammatory diseases mainly through its function of selenoproteins, but its role in foam cell 

formation and atherosclerosis has not been evaluated. In this study, we focus on the effects of Se 

dietary status on cholesterol reverse transportation (CRT) in macrophages and the following 

implications in foam cell formation and atherogenesis. To investigate the role of Se status in the 

immune responses during atherogenesis, mouse model with different Se dietary supplementation 

was performed in C57BL/6 mice. Mice were subjected to standard controlled Se status of low 

(0.08ppm), medium (0.25ppm) and high (1.0ppm) Se diets. To further determine the CRT, the 

expression of receptors involved in phagocytosis and ROS generation by which Se decrease lipids 

up-taking of macrophages, inflammation limitation and foam cell formation, cellular and molecular 

biology protocols were conducted on mouse bone marrow derived macrophage (BMDM). We found 

that the body weight, GPx activity and Se content in liver and blood plasma were altered in different 

groups of Se supplementation mice. Data also showed that increasing Se status from low to medium 

dietary led to decrease in macrophages phagocytosis by affecting the expression of receptors, CD36 

and PPAP γ, involved in BMDMs phagocytosis. BMDMs isolated from mice with medium and high 

Se treatments exhibited decreased uptake of LDL and foam cell formation compared with those of 

low Se treatment controls. These findings suggest that appropriate Se status plays an important role 

in regulating macrophage activation and limiting pathology during CRT, thereby prevention to foam 

cell formation and atherogenesis. 
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ABSTRACT:Copper is an essential trace element for all living organisms. It participates in signaling 

and is required as catalytic factor for the vital enzymes. At the same time, copper imbalance results in 

severe disorders. Ag(I) is isoelectronic to Cu(I), and can be handled by copper-transporting proteins and 

incorporated into cuproenzymes, causing the loss of their activity. It was shown that in rats, fed with Ag-

diet (50 mg AgCl/kg daily) for 30 days in adulthood (Ag-A1 rats), silver was absorbed in intestine, 

delivered to the liver and included metabolically to ceruloplasmin (Cp, main copper-transporting protein). 

As a result, Cp tertiary structure gets disrupted and Cp functions were lost. In these animals the 

concentration of copper decreases and no signs of oxidase and ferroxidase activities could be detected. 

Progeny of dams feeding on AgCl-diet during pregnancy was nonviable due to severe shortage of copper 

(Ilyechova et al., 2014, Shavlovski et al. 1995). 

At the same time, in rats that received AgCl during six month from birth (Ag-N6 rats), serum oxidase 

and ferroxidase activities as well as expression of copper metabolism genes in the liver (Ctr1, Ctr2, Mt1a, 

Commd1, Cox4i1, Ccs) decreased only 2-fold. There were no significant differences in copper 

concentration, Cp and SOD3 level, hemoglobin concentration and morphological indexes. According to 

the physiological tests, no disturbances in the psycho-emotional state of Ag-N6 rats were detected. Ag-

N6 rats produced viable progeny. 

Ag-N6 Cp fractions, contained two major isoforms according to spectroscopic, electrophoretic and 

enzymatic analysis. They differed from holo-Cp and (Ag-A1)-Cp by affinity to DEAE-Sepharose and 

lectins. An one of these Cp’s had an extra-hepatic origin according to data of the pulse-experiments on 

the rats with liver isolated from circulation. According to RT-PCR data the synthesis of secreted Cp and 

GPI-Cp was induced in a subcutaneous fat cells. In the presence of [14C]-amino acids, fat tissue slices 

synthesized and secreted [14C]-polypeptide which was precipitated by antibodies to rat Cp and 

corresponded to the molecular weight of mature Cp (~130 kDa). In the subcutaneous fat cells of Ag-N6 

rats the expression of genes that are responsible for copper transport (Ctr1, Ctr2, Mt1a, Commd1, DMT1, 

SOD1) significantly increased. The possible biological meaning of the induction of Cp ectopic synthesis 

during chronic copper deficiency, and the new role of subcutaneous fat cells are discussed. 

The work was supported by RFBR grants 15-04-06770 (PLV) and 14-04-01640 (TNV) 
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ABSTRACT:Performing both accurate quantification and identification of proteins and peptides is 

one of the challenging goals of modern proteomics. Several metal tags that allow quantification of 

peptides and proteins in complex mixtures have been developed during last years [1]. The labels 

were proved for applicability and robustness [2]. The detection of the tags was based on Electrospray 

MS and on ICPMS, the latter allowing for excellent detection limits and precision as well. 

Furthermore, antibodies were tagged and used to probe the lateral distributions of biomarkers in 

tissue and first experiments aiming at quantifications have been reported [3-7].   

Numerous labelling approaches for antibody detection have been developed so far. However, 

development of new tags is still of great importance. In this work we would like to demonstrate a 

novel approach for MeCAT labelling through pre-click reaction procedure with further two-

dimensional gel electrophoresis separation and ICPMS quantification. The crucial difference from 

reported MeCAT labelling approaches[8] is that bis-sulphone reagent can restore a covalent linkage 

between the two cycteins, so labelling takes place without breaking disulfide bridges unlike in the 

case of maleimide based conjugates. Labelling efficiency of this method for several antibodies has 

been evaluated with ICPMS and ESI-QTOF-MS. It is also planned to try the approach for labelling 

of proteins with disulfide bridges.   

Another field of interest is an approach with the isolation of proteome subsets based on low affinity 

small molecule - protein interactions, followed by further detection of lanthanide tag. To prove the 

concept, experiments with isolation and labelling of a single standard protein and further ICPMS 

quantification have been performed. Results of labelling were compared with established techniques. 

KEY WORDS: ICPMS, MeCAT, Click chemistry, Antibody 
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ABSTRACT:Osteogenic calcification is a normal physiological process in bone tissue, anywhere 

else like the blood vessel, it is a pathological process which is so-called calcification paradox. The 

retarded skeletal growth in animals and man is the major sign of zinc inadequacy, which implies the 

involvement of zinc in osteogenic calcification. 

Our previous studies showed that inadequate zinc level in osteoblasts decreased osteogenic activities 

by decreasing extracellular matrix calcification, mainly through the inhibition of alkaline 

phosphatase (ALP) expression and activity, and by down-regulation of osteoblast differentiation 

marker genes (osteopontin, osteocalcin and collagen type I), which is regulated through the reduced 

and delayed expression of bone-specific transcription factor Runx2. Therefore, it seems zinc can be 

a stimulator in bone formation which includes osteogenic bone matrix calcification.  

Meanwhile, there is emerging evidence that zinc can protect against vascular damage and therefore 

may decrease the incidence of atherosclerotic plaque calcification. Our recent study using rat aortic 

smooth muscle cell line (A7r5) and rat primary vascular smooth muscle cells (pVSMC) showed that 

inadequate zinc level in VSMCs increased VSMC calcification and this calcification is paralleled 

with VSMC apoptotic pattern, rather than osteogenic calcification mode. In mice study using 

atherosclerotic model (ApoE null mouse), zinc deficiency promotes aorta Ca and P deposition 

(vascular calcification), while it decreases Ca and P contents in femur (bone calcification). The 

findings from our in vitro (osteoblasts and VSMCs) and in vivo (atherosclerotic ApoE null mouse) 

studies suggest that zinc may have a reciprocal role for calcification in bone (hard tissue) and blood 

vessel (soft tissue). It can be suggested that zinc may have a potential for therapeutic strategy for 

atherosclerosis as well as osteopoprosis, both of which involve the process of calcification.  

Key words: Zinc, vascular smooth muscle cells, vascular calcification.  
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ABSTRACT: Metal-based complexes have emerged as promising antitumor and antimetastatic 

agents during the past decades. However, the limited understanding of the antimetastatic 

mechanisms of these agents is a roadblock to their clinical application. In addition, Cu polypyridyl 

complexes are type of metal-based complexes with potent anticancer activities. Herein, we reported 

that a series Cu polypyridyl complexes with potent antitumor activity, were able to effectively 

inhibit growth and metastasis of MDA-MB-231 cell. The selective intracellular uptake and cytotoxic 

effect of complexes were found associated with different structures. Furthermore, Cu polypyridyl 

complexes exhibits the potential to be developed as an antimetastatic agent for the treatment of 

human metastatic cancers. The present study may offer a basis for the development of new transition 

metal complexes through suitable choice of ligands for cancer therapeutics. 

KEY WORDS: Copper complex; metastasis; anticancer; drug design. 
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ABSTRACT: Abnormal iron deposition in brain has been observed in neurodegenerative disorders 

such as Alzheimer’s disease, Huntington disease and Parkinson disease. These findings suggest that 

iron may play a role in the pathogenesis of neurodegenerative diseases. Studies exploring 

mechanisms and systematics of iron accumulation in brain require near quantitative removal of 

blood from brain in animal studies. This is necessary as brain tissue contains much less iron than 

blood which will easily mask the true brain iron content unless blood is efficiently removed from 

brain. However, to date, no reference protocol for removal of blood from brain of mice as standard 

models in brain research has been developed and validated. A total of 30 FVB mice were used in 

this study, 10 of which received drinking water containing 57Fe stable isotope. Isotopically labeled 

blood was collected from these 10 mice after 9 days and transfused into the remaining 20 mice 

through tail vein injection. Four different protocols of perfusion were carried out 2 hours after 

transfusion to give sufficient time for labeled red blood cells to equilibrate with unlabeled blood. 

The first group was perfused with 20ml phosphate buffered saline (PBS) solution. The second group 

received 20ml PBS + anti-coagulant (20µl Heparin) for perfusion. Perfusate volume was increased 

to 75ml for the third group. The fourth group was sacrificed without perfusion. The amount ratio of 

spike 57Fe to natural Fe in the blood and the amount of 57Fe in the brain was assessed by Thermal 

Ionization Mass Spectrometry. It was found that 22.6±2.8% of brain came from blood for 

unperfused mice. This result challenges many animal studies which were performed without 

perfusion failing to account for the contribution of iron from blood and questions findings from 

human post mortem studies. Using 75 ml PBS + Heparin solution significantly reduced blood iron 

to around 3.8±2.2%, which can be considered as a near quantitative removal of blood from brain. 

Perfusion using 20 ml PBS only or 20ml PBS + Heparin was less effective (14.6±2.3% and 

12.5±1.1%, respectively). Our results suggest that near quantitative removal of blood from brain is 

necessary to accurately assess brain iron content and concentration post mortem studies. 

KEY WORDS: Iron, Brain, Blood, Perfusion, Stable Isotopes 
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ABSTRACT: With a diverse range of mitochondrial targeted drugs currently in clinical trials, 

targeting mitochondria as a cancer therapeutic strategy has gained great success in recent years.1 In 

the past decade, increasing interest has been drawn towards the antitumor activity of metal/N-

heterocyclic carbene (NHC) complexes, which hold great opportunities for the development of 

novel antitumor metallodrugs.2-3 In this work, a series of bis(NHC) iridium(III) complexes have 

been synthesized and characterized (Figure 1). The results of cytotoxity assay show that all of these 

newly synthesized complexes display higher antiproliferative activities than cisplatin against 

various cancer cells. Meanwhile, these complexes can be quickly and effectively taken into HeLa 

cells and specifically localize in mitochondria. Mechanism studies show that these complexes 

induce a series of mitochondria-associated events in HeLa cells including mitochondrial damage, 

reactive oxygen species (ROS) production, cytochrome c release, caspases activation and initiation 

of apoptosis. In addition, an increase in cytotoxicity of up to 3 orders of magnitude is observed for 

Ir-3 in cisplatin-resisistant human lung cancer A549R cells. Our study demonstrates that these 

complexes have high potential to be utilized as mitochondria-targeted theranostic and photodynamic 

agents.4 

 

Fig. 1 A) Chemical structures of Ir(III) complexes studied in this work. B) The perspective view of 

complexes Ir-2 and Ir-3. 

KEY WORDS: N-heterocyclic carbene, mitochondrion, theranostic, photodynamic 
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ABSTRACT: Iron plaque can affect the absorption and accumulation of metal(loid)s in plants1,2. 

However, it is still unclear whether iron plaque plays different roles in the accumulation of different 

mercury species in rice plants. The aims of this study are 1) to explore the adsorption of IHg and 

MeHg onto iron plaque, 2) to investigate the influence of iron plaque on the absorption, translocation 

of IHg and MeHg in rice plants, 3) to explore whether the process of methylation and demethylation 

of Hg in vivo occurs in rice plants, and 4) to investigate the effects of iron plaque on the IHg and 

MeHg transformation in rice. The seedlings were cultivated in a Fe2+ solution for 24 h to induce the 

iron plaque and then transferred into a nutrient solution containing 500 μg/L HgCl2 or MeHgCl for 

72 h. The Hg content in the iron plaque and rice seedlings was measured by ICP-MS. The chemical 

forms of Hg in the rice seedlings were determined with HPLC-ICP-MS and XANES. Both IHg and 

MeHg, particularly MeHg, could be adsorbed by iron plaque. The IHg content of the root and the 

MeHg content in both the roots and shoots decreased markedly with the increase in iron plaque. The 

Hg in the root was mainly in the form of RS-Hg-SR with the exposure to HgCl2 and in the form of 

CH3-Hg-SR and RS-Hg-SR (4:1) with the exposure to MeHgCl. The iron plaque did not change the 

chemical forms of Hg in the rice plants. Iron plaque greatly decreased the absorption and 

transportation of both IHg and MeHg in rice seedlings. The demethylation of MeHg occurred in rice 

plants (in vivo) regardless the formation of iron plaque. This work sheds some light on the 

understanding of different pathways between IHg and MeHg in rice plants. 
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ABSTRACT: Previous studies showed that MSA could induce ER stress which is severe enough 

to cause apoptosis, and we have shown that the combination of MSA and cisplatin exhibited 

synergistic anticancer efficacy in hepatocellular carcinoma. Here we focused the combination 

effects of the MSA and the proteasome inhibitor, bortezomib (BTZ), on the intrinsic, extrinsic, and 

ER stress-mediated pathways of apoptosis in multiple myeloma (MM) cells. We use three types of 

MM cell lines, U266, RPMI-8226, and OPM-2 with treatments of MSA, BTZ or both. Cell viability 

was detected by MTT and the cell cycle distribution was analyzed by flow cytometric analysis. 

Cellular proteins related to the intrinsic, extrinsic, and ER stress-mediated pathways of apoptosis 

were determined by western blot and qPCR analysis. We found that the combination treatment of 

BTZ and MAS produced a robust increase of anti-proliferative effect in MM cells, and also induced 

a strong G2/M phase arrest in a dose-dependent manner. Expression pattern of the crucial ER stress 

markers, including CHOP, IRE1-a, cleavage-caspase12 and molecular chaperon GRP78, showed 

that the combination of MSA and BTZ increased the apoptosis and DNA damage by ER stress 

signaling pathway. In summary, our findings suggest that MSA potentiates BTZ induced-ER stress 

and sensitizes apoptosis in MM. MAS might be an effective synergistic agent to BTZ, and a 

candidate of chemosensitizer for MM therapy in further clinical application. 
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ABSTRACT: Abnormal interactions of copper and zinc ions with amyloid- (Aβ) peptide play a 

critical role in the pathogenesis of Alzheimer’s disease (AD), which participating in the aggregation 

process of Aβ and in the generation of reactive oxygen species (ROS). Interruption of these metal-

peptide interactions using chemical agents is a promising therapeutic strategy to resist AD [1-3]. 

However, conventional metal-chelation therapies just remove the metal ions from A leaving a 

metal-free Aβ that could easily bind metals again [4]. As we already know that the Cu-induced Aβ 

aggregation associates with ROS production and causes neurotoxicity, while Zn-induced Aβ 

aggregation is thought to be neuroprotective. Based on the fact that different roles of Cu and Zn in 

AD, we proposed a metal-swap strategy to combat AD.  

For this purpose, three novel ligands, 2-benzooxazol-2yl-6-{[(mercapto-ethyl)-pyridin-2-

ylmethyl-amino]-methyl}-4-methyl-phenol (BOMPAMP), 2-benzothiazol-2yl-6-MPAMP 

(BTMPAMP) and MPAMoxylP were designed and synthesized, which have both amyloid-targeting 

and Zn/Cu-chelating molecular motifs. The acid dissociation constants of the three ligands and the 

conditional stability constants of their Zn and Cu complexes were determined with potentiometric 

titration and ligand competition UV-Vis spectrometry, respectively. Preliminary results obtained 

indicated that all the three ligands coordinated to Cu to form more stable complexes of two orders 

of magnitude higher conditional stability constants compared with those of Zn complexes, implying 

the feasibility of Cu-swap from amyloid-β-Cu with the Zn complexes. We will show the metal-swap 

process between the Zn complexes and soluble and/or aggregated Aβ1-40-Cu, which inhibits ROS 

production. This Zn/Cu-swap process is vital to evidence the protective role of the Zn complex 

designed and synthesized against oxidative damages induced by Cu-overloaded Aβ, forming the 

nontoxic Zn-bound Aβ while the exchanged Cu ions were scavenged by the ligand. 
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ABSTRACT: Nanomedicine offer unprecedented opportunities to reach the objectives such as 

promoting the precision treatment of cancer and mitigating undesired side effects.1,2 We present a 

new precision cancer nanomedicine based on Bi2S3 nanorods (NRs) designed specifically for 

multispectral optoacoustic tomography (MSOT)/X-ray computed tomography (CT) guided 

photothermal therapy (PTT). Multimodality imaging provides PTT with real-time guidance to 

diagnose disease, guide procedures, monitor therapeutic response, and treat disease with greater 

specificity and sensitivity.3 The as-prepared Bi2S3 NRs possess ideal photothermal effect and 

contrast enhancement in MSOT/CT bimodal imaging. These features make them simultaneously act 

as ‘satellite’ and ‘precision targeted weapon’ for the visual guide to destruction of tumors in vivo, 

realizing effective tumor destruction and metastasis inhibition after intravenous injection. In 

addition, toxicity screening confirms that Bi2S3 NRs have well biocompatibility. This triple-

modality-nanoparticle approach enables simultaneously precise cancer therapy and therapeutic 

monitoring. 

KEY WORDS: Bi2S3 nanorods, Multispectral optoacoustic tomography, X-ray computed 

tomography, Photothermal therapy 
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ABSTRACT: Soil nanoparticles are ubiquitous and play an important role in migration and 

transformation of pollutants in nature. The present study was aimed to obtain soil nanoparticles from 

mercury-contaminated areas of Guizhou, which is most typical regional of mercury-contaminated 

soil. By flask experiments ,extracted liquid from flasks in the first day, the seventh day, the fifteenth 

day, the thirtieth day,then measure particle size.Size of soil nanoparticles、the dispersion and 

stability of soil nanoparticles in water were studied by the method of Zeta potential. By comparing 

different periods of soil nanoparticles size, the results indicate mercury in soil more inclined to 

adsorb to the small size of the particles.The study provide a base for phytoremediation to 

contaminated soil. 

KEY WORDS: mercury contaminated soil; mercury ; particle size 
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ABSTRACT:Silver compounds are among the most potent and rapidly acting antimicrobial agents. 

Importantly, nanometer-sized silver particles (silver nanoparticles, AgNPs) are currently widely 

used nanomaterials for health care. Through proteomic and biochemical analyses, we have 

demonstrated that treatment of E. coli cells with nanomolar particle concentrations of AgNPs could 

result in immediate dissipation of the proton motive force and rapid inactivation of the bacteria 

within minutes. Such mode of action is similar to that exerted by Ag+ ions at micromolar 

concentrations, suggesting that AgNPs represent a special physicochemical system for delivering 

antimicrobial Ag+ ions. AgNPs are composed of zero-valent (Ag0) core of metallic silver lattice and 

are prone to oxidation. We have compared the antibacterial activities of zero-valent (reduced AgNPs 

under anaerobic condition) and partially oxidized AgNPs. Only the partially oxidized AgNPs, but 

not the zero-valent AgNPs, showed antibacterial activties. The levels of surface chemisorbed Ag+ 

on the AgNPs, as indicated by the changes in the surface plasmon resonance absorption, correlate 

well with the antibacterial activities. Thus one may view that the AgNPs are surface-oxidized and 

carry adequate amount of chemisorbed Ag+ ions to be released for antimicrobial activities. 

The synthesis of metal nanoparticles by using bacteria is of growing interest in 

nanobiotechnology as well as in the study of microbial metal metabolism. Inspired by the robust 

capacity of metal reducing bacteria which utilize multi-heme c-cytochromes for the reduction of 

metal ions, we have examined the role of the c-type cytochromes in the biosynthesis of metal 

nanoparticles. An E. coli strain that carries chromosomally encoded silver resistance determinants 

has been shown to produce AgNPs in the periplasmic space when it was exposed to Ag(I) salts. The 

synthesized silver nanoparticles are in the form of zero-valent metallic silver lattice and the 

production of which was observed to be favorable under anaerobic conditions, suggestive of 

biological reduction of Ag(I) ions. A bacterial deletion mutant of the cytoplasmic membrane-

anchored, tetra-heme c-type cytochrome subunit of periplasmic nitrate reductase (NapC) showed 

markedly reduced production of AgNPs. Re-introduction of the NapC to the bacteria could recover 

the biosynthesis of the AgNPs. These findings help understand the molecular steps involved in bio-

geochemical silver accumulation in the environment where the silver resistant microbes inhabit, and 

may be useful for the preparation of metal-based nanomaterials by synthetic biology approach.   
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ABSTRACT: Chia seeds (Salvia hispanica) are a natural source of fatty acids, fibers and proteins 

and other important nutritional components, such as vitamins, minerals, and natural antioxidants. 

Chia can be assigned to “functional food” because, apart from contributing to human nutrition, helps 

to prevent cardiovascular diseases, inflammatory, nervous system disorders, and diabetes, among 

others. [1] 

Due to the positive effects of polyphenols and polysaccharides on human health the extraction of 

these active ingredients from plant material is just gaining increasing popularity. Phenolic 

compounds present in food and plants can be considered as the most crucial group of natural 

antioxidants. [2] The complexation of metals to flavonoids results in more effective 

pharmacological activities and better availability of minerals as well as reduces their overloading in 

body. [3] 

The efficiency of extraction of metal complexes with flavonoids depends on the type of solvent, 

temperature, time of extraction, solid-liquid ratio and applied methodology. To isolate the phenolic 

compounds from plant material a solid-liquid extraction in methanol, ethanol or acetone is 

commonly used. [4] 

The aim of study was concerned on the optimization of procedure of metal complexes with 

flavonoids extraction from chia seeds using ionic liquid (1-butyl-3-methylimidazolium bromide) as 

an extractant. The determination of total amount of metals was carried out by standalone ICP MS. 

The presence of metal complexes in material was confirmed by means of hyphenated techniques – 

a coupling of high performance separation technique and sensitive mass spectrometry detection. 

The research was mainly based on the application of SEC ICP MS technique to analyze the extracted 

fractions of various flavonoid‒metal complexes and the identification of observed species using 

µHPLC ESI MS/MS. 

KEY WORDS: ionic liquids, chia seeds, ICP-MS, ESI-MS/MS 
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ABSTRACT: The wall paintings analyzed have been found in two archaeological contexts, situated 

in the southwestern area of the Forum of Cuma. The first context concerns the so-called “Tempio 

con Portico”; the construction of this temple has been in the Julio-Claudian age. The second context 

is the housing district, inhabited between the end of the III century B.C. to the IV century AD; the 

levels of abandonment of this architectural complex contain plasters attributable at the first 

Pompeian style. The wall paintings of this site have been investigated using a muti-methodological 

approach. The chemical composition of the pale and dark red pigments and plasters have been 

studied via Raman microscopy (using a 647 nm excitation) in combination with other techniques 

(X-ray diffraction, neutron reflectometry, ICP-MS, ionic chromatography). The analysis of 

supposed proteinaceous binders have been carried out with a minimally invasive proteomic 

approach (LC-MS\MS following an enzymatic digestion in heterogeneous phase)[1]. Ultimately, a 

combination of destructive (MS) and non-destructive (Raman) techniques allowed an overall picture 

of the components and technology of the painting. 

A comparison between our results and other in literature on  paintings has been presented. 

Particularly, our Cuman samples exhibit a peculiar carbonate composition (not observed in 

Pompeian wall paintings [2]), while the identification of collagens, vitellogenins and 

apolipoproteins in pigmented layers of two wall paintings fragments confirm the use of animal glue 

and egg yolk as binders in painting techniques adopted during this historical period 

This work has been financially supported by Distretto ad Alta Tecnologia dei Beni Culturali 

(DATABENC scarl), 
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ABSTRACT:Vanadium (V) and magnesium (Mg) are elements which arouse interest of many research centres worldwide. Many 

aspects of the action of both the mentioned metals have already been recognized but some of them have not been fully elucidated 

yet. Relatively little is known about the consequences and mechanisms of mutual interactions between those elements in mammals’ 

organisms. There is also no research (except our studies) on the possibility of using Mg in prevention of the V toxic action. Given 

(a) the growing pollution of the environment with V, which has a narrow margin of safety and strong prooxidative properties, (b) 

the side effects of V use, (c) the growing interest in dietary supplements containing V and the attempts to use this metal in the 

treatment of diabetes, and (d) the promising results indicating the possibility of using V in the treatment of cancer, osteoporosis, 

and some parasitic and infectious diseases, research focused on seeking an element that would be able to decrease the V toxicity 

or even totally eliminate the effects of the toxic action of this metal and alleviate its prooxidative potential remains still a current 

and very advisable issue. Taking into account some functions of Mg, especially in the field of protection against oxidative stress 

and the beneficial action of this element in poisoning with, among others, such metals as mercury, lead, and cadmium, as well as 

some of the results from our current study in an in vivo model in the field of the V-Mg interactions, it can be expected that 

administration of Mg in a proper dose will be able to reduce the negative effects of the V action effectively. It is well known that 

besides the cognitive value, recognition of doses of elements interacting with each other may have great practical importance. In 

pharmacology and medicine, the knowledge of interactions between metals is used to effectively mitigate and combat the effects 

of many poisoning cases. It is also generally accepted that the interactions may be used to elucidate the cellular mechanisms of 

response to combinations of metals. Our data originating from the in vivo experimental model clearly show that V and Mg are able 

to modulate the response in an interactive manner to produce a specific effect that is distinct from that observed during separate 

administration of both agents. This abstract is an attempt to summarize the most important results originating from our studies 

referring to interactions between V and Mg, their character and consequences in mammals’ organism. Supplementation of male 

Wistar rats with Mg as magnesium sulphate (MS; 0.06 mg Mg/ml; drinking water) during the exposure to V as sodium 

metavanadate (SMV; 0.125 mg V/ml; drinking water) for 12 weeks caused (a) to some extent the reduction in the level of V in the 

erythrocytes and whole blood; (b) partly limited the accumulation of V in the kidney and cerebral hemisphere; (c) to some degree 

normalized some indices of iron status; (d) normalized the level of Mg and Fe in the erythrocytes, the level of Fe and Cu in the 

kidney, and the level of K and Zn in the femur; (d) as well as partly limited the decrease in the level of P in the femur, compared 

with the SMV-exposed animals. All these effects resulted from the independent action of Mg alone or from a visible trend toward 

its independent action, and/or from the antagonistic interaction between V and Mg or from a distinct trend toward that interaction. 

Combined administration of SMV and MS to rats for 12 weeks also elevated the activity of ALP in the femur and led to the increase 

in the femoral bone surface roughness. Both the effects mainly resulted from the synergistic interaction between V and Mg. In turn, 

supplementation of rats with MS (0.06 mg Mg/ml; drinking water) during the exposure to SMV (0.125 mg V/ml; drinking water) 

for 18 weeks significantly alleviated the prooxidant potential of V (reflected by the limitation of the increase in lipid peroxidation 

in the liver of those rats, in comparison with the SMV-exposed animals). This effect was a consequence of the independent action 

of Mg and its antagonistic interaction with V.  

KEY WORDS: vanadium, magnesium, interactions, rats 
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ABSTRACT: There are ever growing demands to develop rapid, field-portable, and cost-effective 

analytical methods for biomedical diagnostics, food safety, and environmental monitoring, etc.1 

Nanomaterials with at least one size dimension in the size range of 1-100 nm  have been popularly 

employed in various bio-sensing designs to meet challenges that are otherwise impossible with 

currently available techniques. In the study, we developed a novel nanoFe3O4-H2O2-luminol 

chemiluminescence (CL) method, which can be used for rapid and real-time detection of 

intracellular nitric oxide (NO) and glucose. This method shows a good linear range of NO, from 10-

4 mol/L to 10-8 mol/L; and glucose, from 2 μmol/L to 10 mmol/L assay. the method has a low 

detection limit for intracellular NO assay of 3.16×10-9 mol/L. The new assay system is of significant 

features of simple, sensitive, cost-effective, and rapid detection of NO and glucose without 

expensive instrument or fluorescent labeling agents. Further, the catalytic mechanism was 

demonstrated by synchrotron radiation scanning transmission X-ray microscopy (STXM) analysis 

that significantly excess Fe(II) existing on the surface mediated electron transfer, thus induced a 

rapid heterogeneous Fenton-like reaction on the nanosurface and enhanced CL signal. Because of 

the high specificity, high reaction rate in neutral physiological pH environment and simplicity of the 

system, this nanoFe3O4-H2O2-luminol CL method is applicable to specific NO and glucose 

concentration analysis involved in biological reactions, such as inflammation and stressful cellular 

biological events. 

Keywords: Detection of nitric oxide and glucose; Magnetic Fe3O4 nanoparticles; 

Catalytic mechanism 
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ABSTRACT: Single cell analysis (SCA) techniques are attracting increasing interest for clinical 

application because they can elucidate the cellular diversity and heterogeneity instead of the 

stochastic average masked by bulk measurements. The content and distribution pattern of the 

essential mineral elements (Fe, Cu, Zn, Mn, P, S, etc.) in individual cell are associated with various 

(patho) physiological conditions, including cancer, which may be a useful indicator/biomarker for 

the health state of the cells. In the study, the content and distribution of the essential mineral 

elements (such as Fe, Cu, Mn, P, S) in two types of cancerous cells (Hela and A549) and one type 

of normal cell (16HBE) were analyzed to explore the cell-to-cell variability. The results indicate 

that the content of Fe, Zn, Cu, P, and S in individual Hela is significantly higher than that in one 

single16HBE cell or A549 cell. In comparison to the wider distribution pattern of the essential 

elements in 16HBE cell, the content distribution of Fe, Zn, Cu, P, and S in Hela and A549 shows 

relatively concentrated distribution. Particularly, the distribution of Fe content in Hela, A549, and 

16HBE follows the log-normal distribution with a full width of at half-maximum (FWHM) of 0.1, 

0.2, 0.3 respectively，indicating significantly biological variations in a population of cells for Hela 

cells. 
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ABSTRACT:To predict potential medical value or toxicity of nanoparticles (NPs), it is necessary 

to understand the chemical transformation during intracellular processes of NPs. However, it is a 

grand challenge to capture a high-resolution image of metallic NPs in a single cell and the chemical 

information on intracellular NPs. By integrating synchrotron radiation beam transmission X-ray 

microscopy (SR-TXM) and SR-X-ray absorption near edge structure (SR-XANES) spectroscopy, 

we successfully capture the 3D distribution of silver NPs (AgNPs) inside a single human monocyte 

(THP-1), associated with the chemical transformation of silver. The integrated techniques 

successfully captured key chemical and biological information on AgNPs during cellular uptake, 

accumulation, degradation, chemical transformation, and removal. The spatial distribution and 

intracellular translocation of silver in a single cell has been captured by TEM and SR-TXM with 

3D tomographic imaging; meanwhile, the SR-XANES revealed the temporal transformation of 

AgNPs from elemental silver (Ag0)n, to Ag+ ions and Ag-O-, then Ag-S-species. This new evidence 

well correlates with key events of cytotoxicity including upsetting integrity of the lysosomal 

membranes, decreased mitochondrial membrane potentials, induced reactive oxygen speciea (ROS) 

generation, and finally apoptosis. Our study indicates that particulate form of AgNPs, their degraded 

forms, and the induced ROS play synergetic roles in mediating AgNP cytotoxicity to human 

monocytes. In addition, the present study provides us with an advanced approach for nondestructive 

detection of intracellular NPs capable of exploring the chemical origins of cytotoxicity in metallic 

nanoparticles. It provides direct information to reveal the origin of nanotoxicity and also helps us 

understand biomedical interactions of nanomaterials and their possible mechanisms in nanosafety 

assessments and application fields. 
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REFERENCES 

1. Wang L, Zhang T, Li P, et al. ACS Nano 2015, 9 (6), 6532-6547. 

 

  

mailto:wangliming@ihep.ac.cn


Poster Presentation 

129 

 

A high efficient introduction system for single particle inductively 

coupled plasma-mass spectrometry 

Hailong Wang1, Lingna Zheng1, Meng Wang1*, Weiyue Feng1, Heyong Cheng2 

1.Key Laboratory for Biomedical Effects of Nanomaterials and Nanosafety, 

Institute of High Energy Physics, 

Chinese Academy of Sciences 

2.Hangzhou Normal University 

Corresponding author email: wangmeng@ihep.ac.cn 

 

ABSTRACT: Single particle inductively coupled plasma-mass spectrometry (sp-ICP-MS) is an 

emerging technique that can simultaneously determine size, aggregation state, and particle number 

concentration of nanoparticles in aqueous samples. In the sp-ICP-MS analysis, a time-resolved 

mode is used where the frequency of signals is directly related to the number concentration of 

nanoparticles and the intensity of signals is related to particle size. 

Up to now, most of successful applications of sp-ICP-MS are based on the traditional liquid sample 

introduction system, e.g. double-pass spray chamber and concentric nebulizer. There is still few 

study on comparison with various introduction systems. The aim of this paper is to develop a new 

home-made high efficient and low consumption nebulizer and to compare the analytical 

performance of traditional commercial chamber and concentric nebulizer, a commercial total 

consumption system (CETAC DS-5), and the home-made high efficient nebulizer, for spICP-MS 

analysis. NIST gold nanoparticle standards with nominal sizes 30 and 60 nm were used as the 

analyte to compare the introduction systems. The uptake rate of traditional concentric nebulizer is 

300 L/min while the DS-5 and home-made nebulizer is 10 L/min. Our results show that the home-

made system has a comparable sensitivity (115In= 1.5×105 cps/ppb) as the traditional commercial 

system  (115In= 2.0×105 cps/ppb). In the analysis of 60 nm gold nanoparticles, the home-made 

introduction system shows an overwhelming advantage in transport efficiency, which is 34.5%, 

about three times as the DS-5 (12.2%) and seven times as the traditional commercial system (5.1%). 

In summary, the home-made introduction system shows better performance and greater potential in 

single particle analysis by ICP-MS. 

KEY WORDS: gold nanoparticles, single particle ICP-MS, high efficient nebulizer  

 

  



Poster Presentation 

130 

 

Esterase-Responsive Phosphorescent Cyclometalated Iridium(III) 

Complexes as Anticancer Prodrugs 

Fang-Xin Wang 1, Mu-He Chen1, Cai-Ping Tan1, Zong-Wan Mao1, *, Liang-Nian Ji 1 

1.Sun Yet-sen Univeristy, Guangzhou, 510275, China 

Corresponding author email:cesmzw@mail.sysu.edu.cn 

 

ABSTRACT: As the first metal-based antitumor agents, cisplatin draws great attention. However 

there are also many severe side effects. Recently, there has been a growing interest of the non-

platinum-group metal as antitumor agents, such as ruthenium, osmium and iron. There is only a 

limited number of researches about iridium complexes, which indicate that organometallic 

iridium(III) complexes have unique antitumor properties1. Besides, organometallic iridum 

complexes as novel cellular probes have received considerable attention, due to high emission 

efficiencies, relatively long lifetimes and significant Stokes shifts2. In this study, ten cyclometalated 

iridium(III) complexes with 2,2’-bipyridine-4,4’-dicarboxylic acid and its derivatives have been 

synthesized and characterized. The UV-vis and fluorescence spectra suggest that these complexes 

are able to tune emission colors by changing the structure of auxiliary ligands, displaying good 

optical properties.  

    Complex 4a and 4b shows great cytotoxicity in vitro by MTT assay, and they can target to 

mitochondria. Results from TEM shows autophagy and apoptosis simultaneously. 4a and 4b can 

decrease mitochondrial membrane potential and produce large amounts of ROS, which are helpful 

to cell programmed death. Cell cycle analysis shows that cells are arrested at G0/G1 phage at lower 

concentrations, while arrested at S phage at higher concentrations. Hoechst staining and Annexin 

V/PI double staining show obvious apoptosis cells. 
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ABSTRACT: Arsenobetaine is an organoarsenic compound that is the main source of arsenic found 

in fish. It is the arsenic analog of trimethylglycine, which is relatively non-toxic. 

The CCQM-K97 key comparison was organized by the inorganic analysis working group of CCQM 

to test the abilities of the national metrology institutes to accurately quantitate the mass fraction of 

Arsenobetaine in standard solution and in fish tissue. National Institute of Metrology, China and 

National Metrology Institute of Japan acted as the coordinating laboratories. The arsenobetaine 

solution sample and the fish tissue sample were prepared by NIM.  

For the measurement of arsenobetaine in fish tissue, the majority of the participants used mechanical 

shake and ultrasonic in H2O/MeOH as the extraction method, and LC(IC)-ICP-MS, LC-ESI-

MS/MS and LC-LTQ-Orbitrap-MS as instrumental techniques. Five results were obtained by LC-

ICPMS, and three results by ID-LC-organic MS (13C-labelled AsB).  

The CCQM-K97 is a successful key comparison, because that excellent agreement was found 

among its results, and all of the results overlapped within their expanded uncertainties. The results 

by different methods (organic IDMS and inorganic LC-ICPMS) were comparable. Organic IDMS 

could be used as a well-validated reference method for speciation of organo-metallic measurement, 

especially for some monoisotopic elements. The research opens a new field across inorganic and 

organic measurements. 
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Figure 1 CCQM-K97 All Results of AsB in fish tissue 
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ABSTRACT:Mercury (Hg) is a global heavy metal pollutant that can imperil human being’s health 

and environment seriously. The toxicity of Hg is closely related to its chemical species, among 

which methylmercury (MeHg) is the most toxic form. Rice consumption was found to be an 

important source for human exposure to Hg in certain areas. In this study, the translocation and 

transformation of IHg and MeHg in rice plants exposed to IHg or MeHg respectively were 

investigated. The variation of IHg and MeHg contents in rice roots and shoots collected every five 

days were analyzed by HPLC-ICP-MS and synchrotron radiation X-ray absorption near-edge 

structure (SR-XANES). It was found that when exposed to MeHg, the percent of IHg in roots and 

shoots of rice increased significantly with time while MeHg decreased obviously, suggesting 

prominent demethylation of MeHg occurred. However no notable MeHg was found in both roots 

and shoots when exposed to IHg, suggesting very limited methylation of IHg occurred. The 

demethylation of MeHg in rice plant was also confirmed by SR-XANES analysis. Methyl- included 

or excluded Hg mainly presented as MeHg-SR or RS-Hg-SR binding form in rice roots. MeHg-SR 

and SR-Hg-SR forms in roots of MeHg exposed rice may account for above 80% of the total Hg in 

rice roots, and with cultivation time went on, the MeHg-SR form decreased while the SR-Hg-SR 

form increased significantly. This study provides a new finding that demethylation of MeHg could 

occur with rice growth, which may be a self-defense process of rice plant. In view of the intense 

accumulation of Hg in rice, especially MeHg in rice grain, and its high health risk for residents, the 

present work can be a pioneer for further revealing the mechanism of MeHg demethylation in rice 

plant, and helpful for understanding the response of rice plant against the phytotoxicity of IHg and 

MeHg. 
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ABSTRACT: Arsenic is an ubiquitous toxic element in the environment, and organisms have 

evolved different arsenic detoxification strategies. To date, studies on arsenic biotransformation 

mechanisms have mainly focused on arsenate reduction 1, arsenite oxidation 2, and arsenic 

methylation 3. However, little is known about the pathway for the biosynthesis of arsenosugars 

which are significant arsenic transformation products 4. Here, the involvement of arsenite S-

Adenosylmethionine methyltransferase (ArsM) in arsenosugar synthesis is demonstrated for the 

first time. Synechocystis sp. PCC 6803 incubated with arsenite or monomethylarsonic acid 

(MMA(V)) produced dimethylarsinic acid (DMA(V)) and arsenosugars, as determined by high-

performance liquid chromatography–inductively coupled plasma mass spectrometry (HPLC-

ICPMS). Arsenosugars were only detected in the cells when they were exposed to DMA(V). A 

mutant strain Synechocystis ΔarsM was constructed by deleting the part of arsM and inserting a 

kanamycin resistance cassette in the coding region of the gene in Synechocystis sp. PCC 6803. 

Methylated arsenic species were not found in the mutant strain after exposure to arsenite or 

MMA(V); while Synechocystis ΔarsM was incubated with DMA(V), arsenosugars were detected in 

the cells. These results suggest that ArsM is a required enzyme for the methylation of inorganic 

arsenicals, but not required for the synthesis of arsenosugars from DMA, and DMA is the starting 

compound of arsenosugar biosynthesis. Our findings will stimulate more studies on the biosynthesis 

of complex organoarsenicals, and lead to a thorough understanding of the bioavailability and 

function of the organoarsenicals in biological systems. 
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ABSTRACT: In this study, we first prepared immobilized metal resins using Ni-NTA affinity resins 

for the interaction with NEB heptapeptide phage library. By several rounds of positive biopanning 

against target Cr(III) and negative biopanning against foreign metal species, phages which can bind 

with foreign metal ions were eliminated for the guarantee of selectivity, while phages which only 

bind with Cr(III) were kept and eluted by 0.5 M EDTA from Cr(III)-NTA resins. After randomly 

selecting a certain amount of phage clones and ELISA affinity testing, the Cr(III) binding peptide 

with best binding affinity was selected and its amino sequence was also analyzed. The obtained 

Cr(III) binding phage was immobilized on microbeads cytopore through electrostatic interaction for 

Cr(III) preconcentration and chromium speciation: Cr(III) was retained on the immobilized Cr(III) 

binding phages and eluted by diluted nitric acid. At pH 7.0, extra Cr(VI) which possess possible 

interferences to the preconcentration of Cr(III) was first removed by cytopore beads. Cr(III) 

preconcentration was achieved by retention on the immobilized Cr(III) binding phage and elution 

by 0.1 M HNO3. The concentration of Cr(III) was determined by ICP-MS, and the concentration of 

Cr(VI) was calculated by difference. With a sample volume of 4000 L and an eluent volume of 

400 L, a linear range of 0.05-0.50 μg L-1 and an enrichment factor of 7.1 can be achieved, along 

with a limit of detection of 15 ng L-1 (3σ, n = 7) and a RSD of 3.6% (0.25 µg L-1, n=7). The method 

was used for the determination of chromium in a certified reference material of riverine water 

(GBW08608) and fair agreement was achieved between the certified and the found value. The 

procedure was further demonstrated for the speciation of chromium in tap water and snow water 

samples, and satisfactory spiking recoveries were obtained.  
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ABSTRACT: Selenadiazole derivatives have emerged as important players among the potential 

chemotherapy drug candidates for cancer treatment. Bladder cancer is a common malignancy of 

the urinary tract. Due to the acid-alkali of microenvironment, the high recurrence rate of 

bladder cancer and unexpected side effect, the treatment methods of the cancer have been 

strongly limited. Herein, in our study, we show a series of selenadiazole derivatives have been 

rationally designed, synthesized, and found be able to suppress proliferation, migration and invasion 

of bladder cancer cells. We show the selenadiazole derivatives have better stability than MMC in 

PBS at pH 7.0 and 4.0 by detecting their fluorescence emission spectra and have anti-proliferative 

activity. Particularly, compound 1b exhibited better selectivity between cancer and normal cells in 

comparison with other compounds. Furthermore, 1b induced anti-migration and anti-invasion 

active of bladder cancer cells. Compound 1b was able to enter the cells through endocytosis, where 

it triggered ROS overproduction. In addition, ROS generation could induce DNA damage-mediated 

p53 phosphorylation and promote cancer cell apoptosis through regulation of AKT and MAPKs 

signaling pathways. Altogether, this study provides a rational design strategy of selenadiazole 

derivatives with better stability to achieve anticancer effect. 

KEY WORDS: Selenadiazole derivatives; Bladder cancer cells; ROS; Cell apoptosis 
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ABSTRACT: Interactions between metal ions with peptides as well as protein have been pursued 

as the basis for the research on metallomics, providing a new insight for probing the role of metal 

ions play in the biochemistry processes. Transitional metal ions are the core of metalloproteins, 

which account for nearly one third of structurally characterized proteins.1, 2 Many studies have 

indicated that disrupted cellular homeostasis of metal ions is associated with many 

neurodegenerative diseases, such as Parkinson’s disease,3 Alzheimer’s disease4 and so forth.5 

Therefore, an appropriate strategy for probing metal ion-peptide interactions has long been explored. 

   To this end, we propose an alternative method for generating metal-peptide complexes in the 

gas phase with metal ions and peptides yielded by atmosphere laser ionization and electrospray 

ionization, respectively. Compared with conventional ESI methods, higher gas-phase stabilities of 

metal-peptide complexes can be obtained, which can be explained by stronger coulomb interactions 

and charge-dipole interactions between “naked” metal ions and peptides. In this manuscript, the 

influence of peptide composition (e.g., presence and number of basic amino acid residues) on the 

binding site of Cu2+ has been investigated. Dramatic differences are observed between the fragments 

of Cu2+-peptide complexes with basic residues exist at the N-terminal or C-terminal of peptides. 

Remarkably, mechanisms responsible for the formation of sequential loss of C-terminal or N-

terminal residues are depicted elaborately.  

KEY WORDS: Metal-peptide complexes, Laser ablation/ionization, ESI-MS, Gas-phase 

interaction, Binding site 
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ABSTRACT: Polymer surface decoration has been found as an effective strategy to enhance the 

biological activities of nanomedicine.1, 2 Oxaliplatin (OXA) is one of the most widely used 

platinum-based anticancer drugs. However, the transient acute dysesthesias and cumulative distal 

neurotoxicity lead to the limitation of the dose of OXA. Herein, three different types of polymers 

with a cancer-targeting ligand Arg-Gly-Asp peptide (RGD) have been used to decorate mesoporous 

silica nanoparticles (MSNs) and the functionalized nanosystems were used as drug carrier of 

oxaliplatin (OXA). The results showed that, polymer surface decoration of MSNs nanosystem by 

poly(ethylene glycol) (PEG) and polyethyleneimine (PEI) significantly enhanced the anticancer 

efficacy of OXA, which were much higher than that of chitosan (CTS). This effect was closely 

related with the enhancement of cellular uptake and cellular drug retention. Moreover, Less 

sensibility of cancer cells to drug in tumors than that in cultured cells has been reported in previous 

literatures.3 In recent years, tumor spheroids cell culture systems have received increasing interest 

because they can restore the in vivo-like environments.4 In this study, SW480 spheroids have been 

cultivated successfully and used as a tumor model in vitro. PEI@MSNs-OXA possessed excellent 

advantages in penetrating ability and inhibitory effects on SW480 spheroids. Therefore, this study 

provides useful information for rational design of cancer-targeted MSNs nanosystem with polymer 

surface decoration.  
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ABSTRACT:The technology of all-optical solid framing camera is one of the most promising 

issues in the field of ultrafast diagnosis. It has shown advantages in time resolution, which can be 

up to picosecond and sub-picosecond, in high spatial resolution, in range expansion of detected 

signal band, and resistance against jamming, radiation etc. In this paper, wavelength division 

multiplexing and polarization multiplexing technology are applied to the optical solid framing 

camera system for the research on multi-framing scheme. On the condition of picosecond resolution, 

from several to a dozen subdivisions are obtained by searching. Finally, we get four-division image 

with the spatial resolution of 60lp/mm. Results show that when resolution of the wave division 

framing is 1.414ps, the polarization framing is 15ps. 

KEYWORDS: ultrafast all-optical solid diagnosis technology;all optical solid framing camera; 

the linear chirp ; the wavelength division framing ;the polarization framing    
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ABSTRACT: The research of protein on a single-cell level would aid the studies of the role of 

cellular heterogeneity in disease progression. A few methods, such as flow cytometry, mass 

cytometry, have realized single-cell protein quantification. However, the accuracy of the 

quantification is limited. In this study, we designed an Au cluster probe with the formula of 

Au24Peptide8, which has both fluorescence property and specific targeting ability of integrin αIIbβ3. 

Utilizing the fluorescence property and targeting ability, we can directly visualize αIIbβ3 on the 

membrane of human erythroleukemia cells (HEL) via confocal microscopy. On the basis of the 

accurate formula of our probe (Au24Peptide8), the number of integrin αIIbβ3 can be precisely counted 

by quantifying the gold content on a single HEL cell via laser ablation inductively coupled plasma 

mass spectrometry (LA-ICP-MS). The expression amount of integrin αIIbβ3 on single HEL cells 

range from 5.75 × 10−17 to 9.11 × 10−17 mol. Because the different expression level of protein (e.g. 

biomarker) on single cells is related to the occurrence and development of disease, our method will 

contribute to estimate the progression of disease by precisely quantifying any well-identified protein 

related to the disease. This method will offer new perspectives in disease diagnosis and therapy on 

a single-cell level. 
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ABSTRACT: The N-terminal fragment of prion protein PrP106–126 resembles the abnormal mis- 

folded isoform PrPSc in many physicochemical and biological characteristics and is used as a com- 

mon model for the study of PrPSc.[1,2] In our present work, a series of different oxodiperoxovanad- 

ate complexes including [NH4]3[VO(O2)2(OX)].2H2O, (H2bipy)H2[O{VO(O2) (bipy)}2].5H2O , 

Na[VO(O2)2].Na2SO4 and K2[nicH{VO(O2)2}2](H2O) were used to interact with PrP106-126 and its 

mutant M109F- PrP106-126. Combining different methods, the oxodiperoxovanadate  

complexes were identified to inhibit the fibril formation of PrP106−126 and its mutant mainly 

through methionine oxidation. However, the role of complex (H2bipy)H2[O{VO(O2) (bipy)}2]. 

5H2O in peptide aggregation was different from other three complexes. It interacted with PrP106-

126 mainly by hydrophobic interaction but not methionine oxidation, which might be related to its 

distinct spatial structure from other oxodiperoxovanadate complexes. Furthermore, the 

neurotoxicity of the SH–SY5Y cells induced by PrP106–126 or M109F- PrP106-126 was better 

rescued by these complexes. The results provided important information for the rational design of 

novel metallodrugs against prion diseases. 

KEYWORDS: PrP106-126, oxodiperoxovanadate complexes, oxidation, inhibition. 

 

 

Figure 1. EMS-MS spectra for the interaction of M109F-PrP106-126 with the complexes. 
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ABSTRACT: Superparamagnetic Iron Oxide Nanoparticles (SPIONs) have been widely used in 

nano-biomedicine as contrast agent for magnetic resonance imaging (MRI) and targeting drug 

carrier. Previous reports showed that SPIONs were degraded in liver1, but the details of degradation 

in situ were still very limited. The aim of our study was to investigate the metabolic behaviors of 

SPIONs in the liver by TEM and synchrotron radiation based X-Ray Microscopy. 

SPIONs sized 55 nm were injected intravenously at a single dose of 10 mg Fe/kg body weight, and 

the mice were sacrificed at 1, 3, 7, 14, 28 days. Radioactive 59Fe was used to study the metabolic 

behaviors of SPIONs to avoid the masking by endogenous iron. Radiotracer study showed the 

injected SPIONs were removed from the blood in less than 30 minute, and about 60% of them were 

accumulated in liver at 1 day. During 1-6 days post-injection, the content of 59Fe in the blood 

gradually increased, indicating the translocation of exogenous iron into the blood. The TEM images 

of liver showed that most of the SPIONs in liver were accumulated in the lysosomes of Kupffer 

cells. Changes in the shape and electron density of SPIONs in lysosome, as well as a cytosolic 

agglomerate of mono-dispersed dark spots with facetted shape (5–7 nm in diameter), can be found 

at 7 days. Those dark spots with quasi-organized distribution were attributed the presence of ferritin 

clusters. Scanning transmission X-ray microscopy (STXM) in combination with micro-X-ray 

absorption near-edge structure (μ-XANES) spectra was employed to detect the in situ chemical 

states of SPIONs. The results demonstrated that the SPIONs were degraded in the lysosomes of 

liver Kupffer cells, and the released ferrous ions were partially oxidized into ferric ions. The results 

further implied the leakage of intra-lysosomal ferric ions into the cytoplasm. A higher oxidation 

state of iron could be found at the position of ferritin clusters (with a shift of 0.3 eV in the spectral 

peak). Our work demonstrated that SPIONs could be dissolved in weeks in the lysosomes of liver 

Kupffer cells, and then the released irons were stored and translocated as ferric ions via ferritin-

mediate pathways, which coincided with the reported iron metabolism in vivo2.  
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ABSTRACT: Nowadays, up to 90 percent of commercialized and pharmaceutical compounds are 

polar and can be successfully characterized by the means of electrospray ionization mass 

spectrometry (ESIMS).1 On the other hand, the rest 10 percent of them are weakly polar or even 

non-polar, which can be ionized by various other analytical techniques, such as electron impact (EI), 

chemical ionization (CI), atmospheric pressure chemical ionization (APCI), atmospheric pressure 

photo ionization (APPI) and so on.2,3 However, when a sample containing both polar and non-polar 

compounds is to be analyzed, or large varieties of samples are required to be analyzed in a very 

short period of time, a certain kind of technique that is capable of characterizing both compounds is 

desperately in need.  

    In the light of this requirement, we tried to develop an ionization apparatus stated above and 

coupled it to a quadrupole time-of-flight mass spectrometer (QTOFMS). High voltage, ranging from 

2500 to 5000 volts, is applied to a 60 μm I.D. steel needle, which is used as the spray needle. When 

the voltage is above 3500 volts, there is a tiny corona area around the tip of the needle, which serves 

as the way to ionize weakly polar and non-polar compounds. By adjusting the applied voltage, 

compounds with different polarities can be detected by the same device without making too much 

alternation to instrumentation or breaking the vacuum. Polar compounds (carotene) and non-polar 

compounds (naphthalene and pyrene) were tested by corona spray ionization (CSI), ESI and APCI. 

Results showed that naphthalene and pyrene couldn’t be detected using ESI, which were 

successfully detected under CSI and APCI. On the other hand, the signal of carotene couldn’t be 

obtained under ESI, which was rather high in CSI and ESI. More investigations are currently in the 

run.  

KEY WORDS: corona spray ionization, ESI-MS, APCI-MS, compound polarity 
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ABSTRACT: An immunoassay is a biochemical test that measures the concentration of a 

biomolecule using an antibody-antigen reaction .Inductively coupled plasma mass spectrometry 

(ICP-MS) has been proven to be a powerful elemental detection technique and emerges as a 

promising detector for immunoassay. 1 This ICP-MS-based immunoassay has great multiplexing 

potential because more than 100 isotopes are theoretically available for antibody labeling.2 One 

inherent limitation when using elemental labeling reagents is that only limited metal atoms can be 

attached to an antibody molecule, thus restricting immunoassay sensitivity. The use of nanoparticle 

as element labeling in ICP-MS analysis will increase the signal response and provide more 

information with low levels of target proteins because each label can contain thousands of atoms. 

Here we developed a new competitive immunoassay of ferritins in this paper using lanthanide 

nanoparticle labeling and LA-ICP-MS analysis.  

KEY WORDS: competitive immunoassay, LA/ICP-MS, nanoparticle label 
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ABSTRACT: Ruthenium (Ru) complexes have emerged as leading players among the potential 

metal-based candidates for cancer treatment. In this study, a series of Ru(II) complexes have been 

synthesized and investigated their anticancer mechanisms. It is interesting to find that these Ru(II) 

achieve anticancer treatment through various action mechanisms. We found that Ru(II) complexes 

with mixed ligands (benzimidazoly and polypyridyl) were able to target mitochondria, where they 

activated mitochondrial dysfunction by regulation of Bcl-2 family proteins, thus leading to 

intracellular reactive oxygen species (ROS) overproduction.1 It is also worth to mention that this 

kind of complexes display outstanding antiangiogenic activities by triggering phosphorylation of 

VEGF and VEGFR-2 in cells. This potency is evidenced by significant suppression of new vessel 

formation in chick chorioallantoic membranes ex ovo and blockage of the angiogenesis in a matrigel 

plugs assay in vivo.2 Moreover, we study the ROS-mediated apoptosis induced by Ru(II) complexes 

through inhibition of TrxR. Treatments of Ru(II) complexes suppress the activity of TrxR and down-

regulated the expression of TrxR and other pro-survival proteins in cancer cells.3        

In summary, these studies provide new strategies for the application potentials of Ru(II) 

complexes in chemotherapy. 

KEY WORDS: Ru(II) complexes, anticancer, mitochondria-targeted, antiangiogenesis and TrxR. 
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ABSTRACT: In this work, dielectric barrier discharge (DBD) optical emission spectrometry (OES) 

was used as a simple and miniaturized detector for gas chromatography (GC) for mercury speciation 

analysis after derivatization and headspace solid phase microextraction (HS-SPME) using a new 

porous carbons (PCs) SPME fiber. Mercury species such as inorganic mercury (iHg), 

methylmercury (MeHg), ethylmercury (EtHg) were derivated with sodium tetraphenylborate and 

further adsorbed on the PCs fiber. Limits of detection of 0.021 μg L-1, 0.025 μg L-1 and 0.056 μg L-

1 were obtained for iHg, MeHg and EtHg, respectively, with good precisions (RSDs, n=5) for all the 

tested mercury species better than 5.2%. Compared to the conventional hyphenated techniques, the 

proposed methods not only provides high sensitivities for the determination of all the tested mercury 

by PCs HS-SPME but also retains the advantages of microplasma GC detector and the potential to 

accomplish the field analytical chemistry of GC. The PCs HS-SPME-GC-DBD-OES method has 

been successfully used to analysis mercury species in two Certified Reference Materials and 12 rice 

samples obtained from a mercury mining region of Guizhou Province and Chengdu plain of Sichuan 

province in southwestern China, with satisfied recoveries ranging 83−99%.  

 

KEY WORDS: Mercury, speciation analysis, dielectric barrier discharge, solid phase 
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ABSTRACT:  

As one of the most fatal diseases around the world, cancer is usually treated with chemotherapy, 

radiation therapy, and surgery. Cisplatin is a common drug that has been widely used in the treatment 

of many different solid tumors. Although cisplatin is an effective drug against solid tumor, clinic 

applications of cisplatin suffer from serious side-effects. Furthermore, the treatment always 

deteriorates due to tumor resistance to cisplatin. As a novel endohedral hydroxylated 

metallofullerenol nanoparticle, Gd@C82(OH)22 has demonstrated recently to be a promising 

antineoplastic agent [1]. It could inhibit tumor effectively with relatively low doses and has low 

toxicity to cells. 

The quantitative measurement of the cellular uptake of drugs is of great importance for the 

elucidation of drug action, drug safety, and drug resistance. In mechanism investigation and clinical 

diagnostics, extremely sensitive analytical methods, down to single cells, may provide the most 

important information for personalized therapies. However, analysis of metal drugs in single cells 

is still a great challenge. Recently, as one of the most advanced and sensitive means for ultra-trace 

element analysis, inductively coupled plasma-mass spectrometry (ICP-MS) has been introduced and 

become a promising method for analysis of intracellular elements at single cell level [2-3]. 

   In this study, we determined intracellular Gd@C82(OH)22 and cisplatin after treatment of Hela 

and 16HBE cells by single cell inductively coupled plasma-mass spectrometry (SC-ICP-MS), which 

could provide quantitative information at a single-cell level. The cell digestion method validated the 

accuracy of the SC-ICP-MS. The concentrations of Gd@C82(OH)22 and cisplatin in cells at different 

exposure time and doses were studied. Our data show that Gd@C82(OH)22 has higher bioavailability 

and lower toxicity than cisplatin in vitro, and thus make it possible to inhibit tumor at a low dose. 

The capability of ICP-MS for single cell analysis was thus demonstrated here. The SC-ICP-MS is 

promising complement to available methods for single cell analysis and is hopeful to be further 

applied to biomedical research [4]. 

KEYWORD: Cisplatin; Gd@C82(OH)22; Single cell; ICP-MS; Quantitative analysis 
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ABSTRACT: Dextran sulfate sodium (DSS)-induced colitis is one of the most commonly used 

models for inflammatory bowel disease (IBD).We have previously developed a novel and high –

yield Se containing phycocyanin (Se-PC) from Se enriched Spirulina platensis (SeSP). This study 

aimed to validate the functional mechanism and therapeutic efficacy of Se-PC in IBD mice induced 

by DSS. C57BL/6 mice were exposed to 5 % DSS for 6 days. Meanwhile, mice groups were orally 

treated with Se-PC at daily doses of 15, 50 and 150 mg/kg respectively for 6 days followed by 7-13 

days of water (acute inflammation) or 28-34 days of water (chronic phase). After Se-PC treatment, 

clinical assessment of IBD severity and expression of inflammatory cytokines were evaluated. The 

nuclear trans-location of NF-κB within mice colon tissue was examined by EMSA assay. We found 

that Se-PC treatment in DSS-induced IBD mice caused an obvious recovery of the body weight loss, 

disease score and histological score. The genes expression of the pro-inflammatory cytokines, 

including IL-1β, IL-6 and TNF-α were also significantly decreased in the colon and blood of the Se-

PC pre-treated mice. Interestingly, the nuclear trans-location of NF-κB was decreased in colon tissue 

of DSS-induced IBD mice with Se-PC treatment. Taking these data together, we conclude that Se-

PC could prevent DSS-induced IBD by inhibiting NF-κB activation. 
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ABSTRACT: The process of protein aggregation into amyloid fibrils is a common event in more 

than 25 degenerative diseases such as Alzheimer’s disease, Prion disease, and Type II diabetes. 

Researches show that ruthenium complexes are promising anticancer drugs with better permeability 

and low cytotoxicity. In the present work, a series of ruthenium complexes including mer-

[Ru(bpy)(dmso)Cl3] (A), mer-[Ru(phen) (dmso)Cl3] (B), mer-[Ru(dpq)(dmso)Cl3](C), and mer-

[Ru(dppz)(dmso)Cl3(D) were explored to inhibit the aggregation of prion neuropeptide PrP106-126 

and human islet amyloid poplypeptide (hIAPP) via ThT assay, TEM, NMR and other biophysical 

methods. The results showed that aromatic ruthenium complexes could resist aggregated amyloid 

peptides into short fibers or amorphous form, thus reducing the cytotoxicity to certain extent. The 

disaggregation ability was influenced by the steric effect of the aromatic ligands. In addition, the 

binding of the four complexes with the two peptides resulted from hydrophobic interaction and 

metal coordination. The study of inhibition mechanism of these ruthenium complexes has important 

biomedical values for treatment of degenerative diseases. 

KEYWORDS: amyloid peptide, ruthenium complexes, aromatic ligands, aggregation, interaction. 

 

Figure 1. TEM images of PrP106-126 in the absence (A) and presence of equimolar amounts of 

mer-[RuCl3(dmso)(bpy)] (B), mer-[RuCl3(dmso)(phen)] (C), mer-[RuCl3(dmso)(dpq)] (D) and 

mer-[RuCl3(dmso)(dppz)] (E). The scale bar is 500 nm. 
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ABSTRACT: Mature microRNAs (miRNAs) are a class of evolutionally conserved, single-

stranded, small (approximately 19-23 nucleotides) RNAs that act as post-transcriptional regulators 

of gene expression and play critical regulatory roles in a vast range of biological processes1. The 

aberrant expression levels of miRNAs have been proven to associate with the initiation and 

development of human diseases, especially cancer2. Thus, it is essential to develop reliable detection 

strategies for miRNAs. Importantly, miRNA concentration can be as low as a few of molecules per 

cell and a single gene can be regulated by multiple miRNAs. Therefore, developing an accurate, 

highly sensitive and high through-put miRNA analysis method is necessary and challenging3. 

Nevertheless, the mostly applied fluorescent-based method suffers from limited number for 

simultaneous detection and cannot allow absolute quantification4. Inductively coupled mass 

spectrometry (ICPMS) is a promising tool for biomolecule detection due to its low matrix affect, 

low detection limits, high element/isotope resolution5. Especially with lanthanide tags, multiplex 

and absolute quantification for biomolecules could be achieved. Here in, we proposed an ICPMS-

based multiplex and ultrasensitive assay of miRNAs and an ICPMS-based absolute quantification 

assay of miRNAs, with lanthanide-coded oligonucleotide probes and nicking enzyme signal 

amplification (NESA) strategies on bio-functional magnetic nanoparticles (MNPs). Lanthanide-

coded oligonucleotide probes are used to recognize miRNA target for highly sensitive readout. This 

method has the potential to be applied to miRNAs assay in small tissue and cell samples. 

KEY WORDS: miRNA，ICPMS， multiplex detection, amplification. 
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ABSTRACT: The copper-catalyzed azide–alkyne cycloaddition (CuAAC)[1] can be seen as the 

most prominent example of the so-called click chemistry.[2] The robustness of this CuI mediated 

transformation has boosted its interest, making it the most straightforward strategy for the 

regiospecific preparation of 1,2,3-triazoles. To date, this reaction is widely employed in organic 

synthesis, medicinal chemistry, surface and polymer science, and in bioconjugation strategies.[3] 

Despite the apparent simplicity and widespread use of the reaction, its mechanism has emerged as 

particularly complex. Several investigations devoted to comprehend the mechanism of CuAAC 

have been reported recently by performing kinetics studies[4] and theoretical studies[5,6]. Recently, 

direct offline observation of copper intermediates in CuAAC has been reported by Iacobucci, etc[7] 

by electrospray ionization mass spectrometry (ESI-MS) using a combination of the neutral reactant 

approach and the ion-tagging strategy. However, some intermediates might disappear during the 

time difference. Therefore, direct online observation of copper intermediates in CuAAC is needed 

to explore. In this work, ICP-MS/MS was chosen as a reactor and detector through interdicting the 

reaction of azide, alkyne and copper(I) at triggered moment, and collecting the products online in 

order to capture some intermediates. In addition, this work also can supply the direct evidence of 

the intermediates for the model proposed by predecessor and expand the application range of ICP-

MS/MS in organic synthesis. 
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ABSTRACT: The isotope labeling strategies had a long and significant impact on the 

studies of nucleic acids sequencing. For instance, chain-terminating method was 

developed in the late 1970s using radioactive isotope labeling by Sanger et al.1 The later 

languishment of this technology was ascribed to the use of radioactive isotopes, which 

was gradually replaced by fluorescent dye labeling. Despite great success, 

fluorescence-based sequencing has its own limitations, such as limited spectral window 

capacity. After recalling the sequences of tagging strategy, a feasible solution is to use 

stable isotopes labeling. Inductively coupled plasma mass spectrometry (ICPMS) is a 

sensitive and reliable technique to determine stable isotope-tagged biomolecules.2-4 

Herein, towards a stable isotope labeling-based sequencer, we synthesized lanthanides 

macrocyclic compounds-labeled dideoxynucleotide triphosphate (ddNTP), constructed 

capillary electrophoresis (CE)-ICPMS interface, and separated nucleic acid of 

difference length. The CE-ICPMS provides well-resolved atomic fingerprints of many 

stable isotope labeled ddNTP. The stable isotope labeling strategy possesses great 

potential in accurate comparison of multiple nucleic acid sequence in a single 

electrophoresis capillary run, which is meaningful in many aspects such as forensic 

analysis.  
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Abstract：Low Temperature Plasma Probe coupled with ICPMS was studied and applied to element 

imaging using the rat brain as test substrates. With the use of a simple DBD probe producing low 

temperature plasma with a quartz tube to ablate solid sample directly with less than 10μm crater in 

diameter. Ion intensities of 23Na+, 44Ca+ and 127I+were measured within the area of the rat brain 

tissue by LTP-ICPMS. In addition, the quantification procedure applied using a standard addition 

mode using Desolvating Nebulizer System in LTP-ICP-MS was employed for the determination of 

iodine in stained rat brain tissue. LTP-ICPMS is considered as a direct and simple technology on 

the spatial element distribution of the layered structure in thin sections of brain tissues. 
Keywords: Low Temperature Plasma; ICPMS; imaging; rat brain 

  



Poster Presentation 

153 

 

Mapping Silver-Binding Proteins in Staphylococcus aureus by Liquid 

Chromatography Combined with Gel Electrophoresis and 

Inductively Coupled Plasma Mass Spectrometry 

Haibo Wang, Yuchuan Wang, Ligang Hu, Hongzhe Sun,*  

The Department of Chemistry, the University of Hong Kong, Hong Kong, China. 

Email: hsun@hku.hk; haibo_wang@hku.hk 

 

ABSTRACT: Metals play a crucial role in life processes and metallodrugs have been extensively 

used for therapeutic and diagnosis purposes.1 To understand mode of action of metallodrugs, reduce 

toxicity, and overcome resistance as well as to design new drugs more rationally, exploring their 

protein targets is imperative. Silver has been used as an antimicrobial since antiquity, yet its targets 

and mechanism of action remain obscure.1 LA-ICP-MS and SXRF are the main metallomic 

approaches utilized to determine metal-binding proteins, whereas the low sensitivity ascribed to the 

laser system and limitation to access the synchrotron facility prevent their routine use.2  

Recently, by on on-line coupling of column-type gel electrophoresis with ICP-MS (GE-ICP-

MS), we developed a robust and convenient approach for matching metals and proteins. We 

successfully separated and identified seven bismuth-binding proteins in H. pylori. The observed 

profile of Bi-binding proteins in H. pylori verified that Bi exhibits activity via multiple protein 

targets.2 However, the relatively lower sensitivity of ICP-MS to metals with lower molecular weight 

and the compromised separating resolution of one dimensional gel column limits the fully 

exploration of silver-binding proteins.3   

Herein, a robust two dimensional approach, namely liquid chromatography combined with gel 

electrophoresis and inductively coupled plasma mass spectrometry (LC-GE-ICP-MS) was 

developed and applied to dig out silver-binding proteins in S. aureus. The feasibility of the 2D 

method was validated with iodine-labelled standard proteins. MWs, pIs of proteins as well as 

intensity of metals contained in proteins can be mapped simultaneously by LC-GE-ICP-MS. Based 

on the 2D GE-ICP-MS, for the first time, we separated and identified more than 20 Ag-binding 

proteins in S. aureus. Both Gene Ontology biological process and function classification showed 

that the antimicrobial effect of silver is mediated mainly by disturbing intracellular oxidative stress 

homeostasis and energy metabolism. Further validation of these identified protein targets were 

conducted by comparing the alteration of their enzyme activities after treatment of silver.  

KEY WORDS: metallomics, silver, antimicrobial, protein targets, GE-ICP-MS. 
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