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What is Chemical Biology?

Chemical Biologyis a new discipline 

that sits at the interface of traditional 

chemistry and biology. It draws on the tools 

and ideas of modern chemistry and applies 

these to the solution of biological problems 

at the molecular level.



Human Genome Project



Begun in 1990, the U.S. Human Genome Project is a 13-year effort 

coordinated by the U.S. Department of Energy and the National 

Institutes of Health. The project originally was planned to last 15 years, 

but rapid technological advances have accelerated the expected 

completion date to 2003. Project goals are to 

identify all the approximate 50,000 genes in human DNA, 

determine the sequences of the 3 billion chemical base pairs that 

make up human DNA, 

store this information in databases, 

develop tools for data analysis, 

transfer related technologies to the private sector, and 

address the ethical, legal, and social issues (ELSI) that may arise 

from the project. 

Human Genome Project



Five-Year Research Goals of the U.S. Human Genome Project

October 1, 1998 to September 30, 2003

Human DNA Sequence

Finish the complete human genome sequence by the end of 2003. 

Finish one-third of the human DNA sequence by the end of 2001. 

Achieve coverage of at least 90% of the genome in a working 

draft based on mapped  and clones by the end of 2001. 

Make the sequence totally and freely accessible. 
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Sequencing Technology

Continue to increase the throughput and reduce the cost of current 

sequencing technology. 

Support research on novel technologies that can lead to 

significant improvements in sequencing technology. 

Develop effective methods for the advanced development 

and introduction of new sequencing technologies into the 

sequencing process. 

Human Genome Sequence Variation

Develop technologies for rapid, large-scale identification and/or scoring 

of single nucleotide polymorphisms and other DNA sequence 

variants. 

Identify common variants in the coding regions of the majority of

identified genes during this five-year period. 

Create a SNP map of at least 100,000 markers. 

Develop the intellectual foundations for studies of sequence variation. 

Create public resources of DNA samples and cell lines. 



Functional Genomics Technology

Generate sets of full-length cDNA clones and sequences that represent 

human genes and model organisms.

Support research on methods for studying functions of nonprotein-coding 

sequences. 

Develop technology for comprehensive analysis of gene expression.

Improve methods for genome-wide mutagenesis. 

Develop technology for large-scale protein analyses. 

Comparative Genomics

Complete the sequence of the roundworm C. elegans genome by 1998. 

Complete the sequence of the fruitfly Drosophila genome by 2002. 

Develop an integrated physical and genetic map for the mouse, 

generate additional mouse cDNA resources, and complete the 

sequence of the mouse genome by 2008.

Identify other useful model organisms and support appropriate 

genomic studies. 



Ethical, Legal, and Social Issues

Examine issues surrounding the completion of the human DNA sequence

and the study of human genetic variation. 

Examine issues raised by the integration of genetic technologies and 

information into health care and public health activities. 

Examine issues raised by the integration of knowledge about genomics

and gene-environment interactions in non-clinical settings. 

Explore how new genetic knowledge may interact with a variety of 

philosophical, theological, and ethical perspectives.

Explore how racial, ethnic, and socioeconomic factors affect the use, 

understanding, and interpretation of genetic information; the use 

of genetic services; and the development of policy. 



Bioinformatics and Computational Biology

Improve content and utility of databases.

Develop better tools for data generation, capture, and annotation.

Develop and improve tools and databases for comprehensive functional 

studies. 

Develop and improve tools for representing and analyzing sequence 

similarity and variation.

Create mechanisms to support effective approaches for producing robust, 

exportable software that can be widely shared. 

Training and Manpower

Nurture the training of scientists skilled in genomics research. 

Encourage the establishment of academic career paths for genomic 

scientists. 

Increase the number of scholars who are knowledgeable in both genomic 

and genetic sciences and in ethics, law, or the social sciences. 





CE-MS for protein studies





The completion of Human Genome project has provided 

new opportunities and chanllenges

The completion of entire human genome 

sequences find biology suddenly awash in 

genome based data; 

lots and lots of data;

Scientists are scrambling to develop new 

technologies that exploit genome data to ask 

entirely new kinds of questions about the 

complex nature of living cells;



The completion of Human Genome project has provided 

new opportunities and chanllenges

Biology moves from data poor science to 

data rich science̔

Data drives innovation;

From sequence to function;

From qualitative to quantitative

New opportunities̔ understanding 

biomedical science 

on the molecular and subcellular levels 

Quantitative analysis and theory



Human Genome Project



What is Chemical Biology?

Chemical Biologyis a new discipline that sits at the interface 

of traditional chemistry and biology. It draws on the tools and 

ideas of modern chemistry and applies these to the solution of 

biological problems at the molecular level.

Chemical Biologyaddresses fundamental issues from 

a quantitative molecular perspective, encompassing the 

study ofmolecular recognition, cellular 

regulation, and supramolecular organization.

Chemical Biologyprovides an excellent opportunity 

for chemists in career developmentand in 

innovative research.



The Course: The goals of this course are 

to teach about the most important 

instrumental methods for chemical 

analysis. 

The attached syllabus shows the 

topics that will be covered. There are 

many more instrumental techniques than 

those shown on the syllabus, however 

these techniques represent the most 

widely used ones. 



For each technique and method, we 

will cover the underlying chemical 

principles, the instrumentation, and 

applications.It is hoped that by the end of 

this course, you will be familiar with 

methods used that you may see in the 

future, understand how measurements are 

made, be able to evaluate new methods 

and data from existing methods, be 

familiar with the trend in future analytical 

measurements.





Lecture       Proposed number Reading 

Topics       of Lectures  Materials 

 

Introduction to course     1   notes and Ch. 1  

Basic definitions     1   Ch. 1 and Appendix 1  

An Introduction to Spectrometric Methods  2   Ch. 6  

Components of Optical Instruments   2   Ch. 7  

Spectroscopy Lab and report    3   notes 

Signal and noise     2   Ch. 5  

Nanotechnology     1   notes 

Absorption Spectroscopy    2   Ch. 13, Ch. 14  

Fluorescence Spectroscopy    2   Ch. 15  

Exam I        1 hour 

Proposed lectures



IR absorption spectroscopy    1.5   Ch. 16, 17  

Raman Spectroscopy     1.5   Ch. 18  

Atomic Spectroscopy     3   Ch. 8, 9, 10, 11  

Analytical methods for single molecule detection 1   notes  

Mass Spectroscopy     2   Ch. 20  

Report: active learning: reading and writing  4   Journals 

Exam II       1 hour 



Introduction to Separation    2   Ch. 26  

GC       1.5   Ch. 27   

HPLC       1.5   Ch. 28  

Electrophoresis     1   Ch. 30  

Bioanalytical techniques for single cell analysis 1   notes  

Scanning probe microscopy    2   Ch. 21 and notes 

Electrochemistry     3   Ch. 22, 23, 24, 25 

Exam III       1 hour 



Problem Sets: The lectures are 

designed to facilitate your learning, to explain 

important concepts and direct your study. These 

lectures should be attended as much as you can. 

Problem sets will be assigned periodically 

throughout the semesteras an aid in 

comprehending the course material. They will 

not be collected or graded. Doing the homework 

will be extremely helpful in preparing for the 

exams. Substantial parts of the exam will be 

closely related to the homework problems. 



Questions



Chapter 1

Solutions:

1-9 A  plot of the data is a straight line. A least-square analysis 

yields the equation cx = 0.0670 S + 0.031.

(a) By definition, the calibration sensitivity is the slope of 

the calibration curve m, or 0.0670.

(b)  By definition, the analytical sensitivity g= m/ss where 

ss is the standard deviation of the signal. For cx = 2.00 ppm,  

g= 0.0670/0.0094 = 7.1. 

Other data computed in the same way are shown in the table 

at end of part (d)



(c)  Substituting the blank data into Equation 1-4 gives

Sm = 0.031+3 Ĭ0.0079 = 0.054

Substitution in Equation 1-5

(d) For 2.00 ppm X,

CV = (ss/S) Ĭ100% = (0.0094/0.172) ³100%  = 5.4%

Other data computed in this same way are given in the 
table that follows.






