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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO’s adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www​.iso​.org/​
iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC 229, Nanotechnologies.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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Introduction

Nano-objects and their aggregates and agglomerates (NOAA) are currently produced in large mass 
quantities globally and used in a variety of applications. However, there is concern about their 
interaction with biological systems, including proteins, which could lead to reversible or irreversible 
alterations in their secondary structure. The latter could affect the functionality and conformation 
of protein, which in turn might affect the overall bio-reactivity of the proteins. The monitoring of the 
occurrence of such alterations could thus provide important information on the interaction of NOAAs 
with biological systems.

The process of folding of polypeptides in biological media produces the secondary structure of proteins 
which determines their bioactivity. The important features of this structure include hydrogen bonds 
between the amine hydrogen and carbonyl oxygen atoms in the peptide backbone and disulfide bonds 
between two cysteine residues.

The protein secondary structure could be affected by exposing it to certain metallic ions and bioactive 
compounds. Furthermore, it is also influenced by different buffer ionic strength, pH values, and 
temperature[1]. Alterations in the functionality and conformation of proteins can be attributed to 
reorganization (so-called misfolding) and changes of the overall molecular dimension that accompany 
the folding process. Some diseases, such as amyotrophic lateral sclerosis (ALS), Alzheimer’s and 
Parkinson’s, are a consequence of misfolded proteins[2].

There are several standard techniques for determining the molecular structures/conformations and 
folding process of proteins and upon their interaction with NOAAs. These include high-field nuclear 
magnetic resonance (NMR), Fourier-transform infrared (FT-IR), Raman spectroscopy and ultraviolet 
circular dichroism (UV-CD) spectroscopies[3][4][5][6]. In addition, a novel technique synchrotron 
radiation circular dichroism (SRCD) spectroscopy is a sensitive method to provide information on 
protein secondary structures and folding[7].
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