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Information Cornucopia 

Almost everyone is aware that we are now in what is generally known as an information age.  But the phrase is 

used so glibly and superficially that it has become almost meaningless.  While the information age began in the mid 

1950s, most people were not even aware of it until the 1970s.  For two decades nobody knew that technologies had 

switched from industrial to information, and it was not for another decade, in the early 1980s, that a few intellectuals 

and business visionaries knew and acted, while almost everybody else merely discussed and debated, or were 

curious what it was.  By the second half of the 1980s, there was a general agreement that we were in a 

fundamentally different age – the age of information technology (IT).
1
 

We take information so much for granted that we are not even aware that it is all around us: literature, history, 

philosophy, epistemology, and science, not to mention infomercials and docudramas, all teem with information.  

But in what form is information manifest in the memorization of the facts of past history, or in the discovery and 

transmission of knowledge and of science?  What is the nature of the information processed by computers, robots, 

automata of artificial intelligence, or other advanced tools?  The information traveling in radio waves, emerging 

from telephones and HDTV, or posted on the Internet? 

The word information comes from the Latin informatio, corresponding to the action informare, which means “to 

inform”, of which one meaning is indeed “to conceive”, “to explain”, “to suggest”, “to give [someone] to 

understand”, “to impart knowledge”, “to cause [someone] to take [something] into account”.  From this source we 

derive our common notions of information such as:
2
 

1. gathering, possibly using the most advanced technologies at hand, information about someone or something 

(for an archive, for a CIA dossier of confidential information, diagnosis of a patient, etc); 

2. the action of informing someone, or oneself, about someone or something (an inquiry, an investigation, in a 

FYI – for your information, etc); 

3. the action of imparting knowledge, of instructing, of learning, of clarification (scientific journals, 

magazines, professional meetings, etc); 

4. bringing a fact or an event, or a collection of facts or events, to the notice of someone else or a group 

(announcements, notices, bulletins, newspaper, radio, television, blogging, podcasting, etc); 

5. announcing something to the public (government announcements, information bureaus, etc). 

This information cornucopia, to the extent of overload, only goes to show what varied and multifarious notions 

people have of information, so much so that, naively, we really wonder if there is any possible relationship between 

all these different kinds of “information”. What can there possibly be in common between the information gathered 

by spies; the information communicated by journalists; the information garnered by researchers; the information 

discovered, transmitted and used in biology, medicine and genetics; the information processed in computers; and the 

information generated by advanced technologies? 

Despite all the apparent contradictions, if we treat the common thread – vehicles of information (for example, 

the alphabet, characters of a language, the genetic alphabets, signals) – as symbols every instance above has some 

notion, as we will see below, which conforms to the true definition of information.
2
 Better still, if we can reduce all 

the symbols into a common form, such as the 1s and 0s of the computer, the commonality becomes even more 

transparent. 
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In this light, informatics is the discipline concerned with defining and studying the operations which can be 

applied to combinations of symbols of a very general kind, and of the transformations by which the operations 

convert them into new combinations of symbols, the symbols themselves being vehicles of information.  In simple 

terms, informatics is the study of information content and information flow.
3
 

Syntax and Semantics 

Any piece of information or message can be studied from two aspects.  One is its meaning – the idea which it 

transmits, and which we shall call its semantic content.  The other is its structure – the grammatical rules used to 

construct it and which constitute its syntactic aspect.  These two aspects are fundamentally different: the same 

message may be written in English or in Chinese, using two very different syntaxes but conveying the same 

meaning; but two messages with the same meaning, one in English and the other in Chinese, would be considered as 

two different messages. 

Douglas Hofstadter, the cognitive science polymath, tells a story of his Chinese translator, Professor Wu 

Yunzeng.  In a word-game of palindromes, Professor Wu claimed that the Chinese language, like English, also has 

palindromes.  A palindrome is a word or sentence that reads the same backwards and forwards, letter by letter, such 

as in Napoleon Bonaparte’s famous “Able was I ere I saw Elba”.  Professor Wu quoted one in Chinese: Ye luo tian 

luo ye (葉落天落葉), which means, roughly, “In autumn, the leaves fall”.  Of course to English eyes, it is not a 

proper palindrome – the characters read both ways, but the letters do not.  Then Hofstadter presented the famous 

English palindrome summarizing Ferdinand de Lesseps’ idea to link the Atlantic to the Pacific: “A man, a plan, a 

canal – Panama!”  Professor Wu was baffled because when he reversed the sentence word by word, the sentence 

became “Panama! – canal a, plan a, man A”, which made no sense at all.
4
  To preserve both literal word-by-word 

meaning and the wordplay, Hofstadter resolved to “leaves fall season fall leaves”.  By chance, in American English, 

“fall” has two senses and so does “leaves”, leading to a wonderful solution: “Fall leaves as soon as leaves fall”.  Of 

course, it is not an English palindrome. 

Information and Code 

In informatics, information is the medium for the communication of knowledge; in informatics, therefore, we are 

only interested in its syntactic aspects and we exclude its semantic content.  In general, an item of information 

comprises 

� a formant component, and 

� a formed component. 

By definition, a formant is a concrete representation, a physical thing: a sound, a smell, a word, a drawing, a 

photograph, a series of characters written on paper, a succession of signals picked up by a microphone or a radio or 

television receiver, etc.  The formed component is the interpretative domain of the item of information – the 

collection of all possible corresponding interpretations. 

The nature of the components may possibly consist of a change in state such that when the formant occurs, the 

formed component is activated according to the rules of a pre-established code.  For example, the image of a figure 
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in a skirt implies “female toilet”.  In the social code of most cultures, a man should not use the toilet.  This is only 

strictly an example.  Ambiguities can never be ironed out with pictures alone because the human brain is not set up 

to process them as it processes language.  As cultural links stretch, understanding of pictures becomes obscured.  

In the example above, to a kilt-wearing Scotsman, the figure can be misleading indeed. 

Furthermore, an item of information can only exist if both the formant and formed components are present.  

The formant component is required for it to be physically perceived; the formed component is required to receive, 

interpret and grasp the concrete representation within the context determined by the rules of a pre-established code. 

Negentropy 

When verbal messages are exchanged between members of the same linguistic community, “a detached spectator” 

or outsider (an eavesdropper, for example) finds himself in a position of a cryptanalyst who receives messages not 

intended for him and to which he does not know the code.  He must for better or worse act as a detective, drawing 

as much as possible on external data for clues as to the structure of the language.  But once the eavesdropper cracks 

that code, that is to say once he has mastered the system of transformations, then there is no point any longer in 

playing the cryptanalyst unless he is particularly interested in being a spy.
5
 

Similarly, a piece of information or message, even when lost or forgotten, may be regenerated provided it has 

remained stored and a generative apparatus is available.  When we rediscover a lost inscription from the distant 

past, if we can reconstitute the code, then the message that has slept for millennia may speak again.  In July of 1799, 

workmen extending the fortification of el-Rashid, also known as Rosetta, found a 762-kg stone with an inscription in 

three scripts, Greek, hieroglyphic, and a flowing one later recognized as demotic, a written form of hieroglyphic.  

This Rosetta Stone was immediately recognized as a treasure, for it has a bi-lingual and tri-scriptorial version of the 

same text.  It took a young brilliant Frenchman Jean-François Champollion some twenty years, in publications 

between 1822–1828, to solve the decipherment of hieroglyphics.  Like cuneiform, hieroglyphic was rooted in 

pictures, devised about 3300 BC. 

These texts snatched from death will have a whole new life, as if they have negated entropy, by finding a place 

in libraries, by being reproduced, printed, translated, photocopied, posted on the web, commented, annotated and 

curated.
2
 As it turns out, there is a very close relationship between the general concept of information and the 

concept of entropy.  Entropy is a mathematical quantity which expresses the degree of degradation of energy into 

an inaccessible form.  According to the Second Law of Thermodynamics, a system always evolves in the direction 

of increasing disorganization. 

From entropy, mathematically by a kind of sign change, we arrive at negentropy, which for a given system, 

gives “a measure of its degree of organization”.  Thus entropy denotes degradation, while negentropy is 

synonymous with organization.  Information is negentropy.  This equivalence of information and negentropy 

exhibits information as the third fundamental dimension of the universe, after matter and energy. 
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Information and Communication 

How is information stored so that it can be transmitted and regenerated?  It is only the material component of a 

piece of information – words, books, images, or any other medium of transmission – that can be communicated.  It 

is not the meaning of the information that is transmitted.  In other words, what we transmit is the formant.  In the 

telephone line, this consists of electrical signals, in a letter or a publication it takes the form of a series of written or 

printed characters, in DVD it is a string of 1s and 0s. 

Only when they arrive at the point of reception do such material representations take on meaning, provided of 

course that a receiver – human or artificial – is present in order to perceive and acquire them.  If need be, the 

receiver can process them by appropriate organs (in humans) or mechanisms (in a machine) to further communicate 

them. 

Then one and the same representation of information could give rise to many different interpretations in 

someone.  We need to consider how, at different levels of interpretation, our acts, our words and our writings may 

lead to different consequences.  When someone pesters me a lot, I will say “please go away”.  Even though I use 

“please”, my request could still be interpreted as rather rude.  But my travel agent loves to tell me “please go away”.  

When he says that, I always interpret that as a form of advertisement.  He is encouraging me to travel more often so 

that he can have more business. 

Forms and Functions 

Just as there can be various interpretations, in the computer world the formant component can come in various 

forms, and for each of these forms, we can perform various actions or function.  These forms and functions are the 

essentials of information architecture.  Most information in our knowledge-based economy can be classified into 

four different forms and four distinct functions, as shown in the table below.  The terms are self-explanatory, and 

there is a strong overlap from one form (function) to another.  This simple information matrix provides 

entrepreneurs and managers a roadmap to the information technology.  Indeed, many successful businesses use this 

as a navigational compass.
7
 

Table 1. Form and action are the essentials of information architecture (Table adapted from Ref. 1). 

   FUNCTIONS 

FORMS 

Generation 

(G) 

Processing 

(P) 

Storage 

(S) 

Transmission 

(T) 

Data (D) (D,G) (D,P) 

Computers 

started here 

(D,S) (D,T) 

Text (T) (T,G) (T,P) (T,S) (T,T) 

Sound (S) (S,G) (S,P) (S,S) (S,T) 

Telephones 

started here 

Image (I) (I,G) (I,P) (I,S) (I,T) 

Types of Forms 

The forms: data, text, sound, and image, are all mental impressions that we perceive through the senses.  To date, in 

our current knowledge-based economy, sight (video) and hearing (audio) or combinations thereof (television, 

movies) are the most dominant. 
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Data.  The term data used here connotes a wider sense than its usual meaning.  Data are any or all the facts, 

numbers, letters, symbols, and the like, that can be processed or produced by a “processor”.  Data existed before 

processors, but it is the ability of processors to handle data that led to the information economy.  When text, sound, 

and images are reduced to binary codes of 0s and 1s in a machine, they become data. 

Text.  Text is any written language, to distinguish it from spoken language (dialect) which technology simply treats 

as a form of sound.  Though text is normally referred to as machine-printed language exclusively, our current 

technology has made it possible for machines to recognize hand-written text (for example, signatures, hand written 

notes and voice-recognition printouts).  Thus, the term text used here includes text written by hand, or printed by 

machines. 

Sound.  Sound is what we hear.  We basically hear voice and music.  Radio, telephone, records and tape 

recorders are inventions we use to handle this information.  For some time, these inventions were in separate 

sectors.  In our current economy, they merge.  For example, we have VCD (video compact disk), DVD (digital 

video device) and pen drives, or we can digitize audio messages for transmission over the Internet. 

Images.  Images are visual forms.  They can be photographs or paintings, artistic or practical, realistic or 

interpretive, presentations or representations, impressions or expressions.  Scanned text or data are treated as 

images.  Thus, fax, copier, printer and scanner are four separate machines performing essentially the same task.  

These days we see that they are merged in 5-in-1 multifunctional center (MFC) or fax, printer, copier, scanner and 

pc fax. 

Types of Functions 

Basically, we do four things with information: generate, process, store and disseminate: 

Generation.  This action takes information (data) that exists in the environment and captures it for presentation in 

one of the four forms.  For example, an abacus captures numbers of an accountant and generates a ledger (data or 

text).  A typewriter captures the words (or thoughts) of an author and generates a book (text).  A recording device 

captures a singer’s voice and generates a record, tape, CD, VCD or DVD.  And a camera captures the image of a 

landscape to generate a photograph.  Essentially, generation means digitization, or rearranging into “bits”.  Once 

digitized, all forms can be handled in subsequent functions as though they are the same. 

Processing.  Our current computer technology started in data and word processing to cover all forms of processing 

including audio and image processing.  The processing action converts, edits, analyzes, computes, and synthesizes.  

In this respect, computer hardware is a processor, and software is the set of rules by which gathered information is to 

be processed. 

Storage.  The third function takes information in one of the forms, and keeps it for later use.  In the time of the 

Pharaohs, text and data were stored on tablets (e.g. the Rosetta Tablet).  The Chinese invented paper for the 

purpose of storing.  In today’s acronymic, these storage processes are very static, or ROM (read-only-memory).  

Storage in the electronic age not only covers sound and images, but it is also dynamic.  We can retrieve a word 

document and make changes.  Thus, storage today is not only about space, but it can also be interactive. 

Dissemination or Transmission.  Simply put, the fourth function is sending and retrieving all forms of information 

from one point to another.  Whereas storage transfers information across time, transmission moves it across space.  
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This fourth function is “distribution”, which includes broadcasting, switching, networking, WiFi, reception, signal 

processing, collection, and display. 

While computers dominate the first three actions – generation, processing and storage – telecommunications 

excel in transmission.  Simple transmissions, such as books, VCD, DVD, telephone and TV, convey voices and 

message as is.  Modern telecommunications networks, however, “value-add” by combining the other functions 

with transmission capabilities.  These are the fundamentals of a communications network: many computers all 

linked together, from high performance computers, through desktop workstations and personal and laptop 

computers, down to the smallest, dumbest terminals or hand-held palm pilots, digital camera and cellular phones.  

They are LANs (Local Area Networks) or WANs (Wide Area Networks); when values are added, they are VANs 

(value-added networks). 

Digitization 

The important thing to note is that linkages are constantly emerging between and across forms.  In our current 

technology, the linkages arise from digitization. 

Recording technology provides us with a very straightforward example. In 1877 Thomas Edison pioneered a 

form of analog sound recording.  To record a sound, a membrane in a microphone is used to copy that wave onto 

some surface.  To replay the sound, a needle is forced through the groove created by the recording process. This 

needle is attached to another membrane in a speaker.  When the speaker membrane vibrates, the membrane sets 

nearby air molecules into oscillations and the original sound wave is recreated.  The process is entirely analog.  

No numbers are involved, the process is completely mechanical, and there is infinite precision, but very limited 

accuracy and much room for error in the sound recording and reproduction process.  Compact disk technology, on 

the other hand, uses digital means to record and play sounds.  The sound waves are read by a computer which 

analyzes each instance of the sound, and assigns it a numerical value.  When the music is played back, it goes 

through another computer, which retranslates the numbers into the sounds that the numbers represent.  Since they 

are recorded at such frequent tiny intervals, the lack of precision is not a problem, and we find digitally recorded 

music more accurate. 

The above is, but one example.  Because of digitization, linkages across forms emerge constantly.  Industries 

for decades not related to each other suddenly find themselves in the same sector, and with it comes a redefinition of 

competitors.  Thus we see for example, computer companies moving into the entertainment industry, and 

entertainment companies into the cellular industry and so forth. 

Information in Living Systems 

The living organisms of today have three common characteristics: the ability to transmit a given item of information 

with a certain margin of error; the conversion of energy and matter into complex structures; and physico-chemical 

processes taking place in an aqueous medium of finite volume.
2
 

Information, thus, is at the basis of what we call life.  Life is characterized by self-organization – a distinctive 

characteristic of living organisms is that they construct themselves from within, through their own structure and 
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function and not by means of an external being acting as constructor.  Living organisms function from the very 

beginning while machines only function once their construction is complete. 

Origin of Gene (Origene) 

A gene is life’s way of remembering how to perpetuate itself.  That memory is chemical, and it is woven into the 

intricate internal structure of a DNA.  Genes are the vehicle of biological inheritance, the medium through which 

living things transmit genetic information from one generation to another. 

As it is now believed, history began about 15 billion years ago with the Big Bang.  Billions of years later, into 

this primeval chaos were born the planets of our galaxy and among these we find the Earth, born some 4.5 billion 

years ago.  Imagine the whole panorama of the Earth’s history – about 4.5 billion years – compressed into a day.
8
 

 

Figure 1.  The evolutionary clock, the whole panorama of 4.5 billion years compressed into a day.  (Figure: Adapted from David Suzuki, and 

Peter Knudtson). 

In the beginning hours, water first fashioned the landscape.  For a long time, the oceans held neither seaweeds 

nor fish, and the lands were arid deserts.  But one day, a completely new structure organized itself within the 

oceans as the result of a series of natural events.  Drawing on the surrounding elements for energy required, a 

particle of inanimate matter became animate, in the form of unicellular organisms.  These very first living things on 

the Earth were prokaryotes – essentially bacteria, but including also blue-green algae.  Evidences of their existence 

are found in the oldest known fossils in rocks that are about 3.8 billion years old (around 5am).  For almost the next 

3 billion years all the fossils are prokaryotes.  Some eukaryotes – essentially plants and animals but also fungi and 

single-celled creatures – appeared at around 800 million years ago, but it was not until about 600 million years ago 

(past 8pm) that we find fossils that are recognizably animals, plants or fungi.  The first modern human beings, 

members of Homo sapiens, would not arrive on the evolutionary scene until about the last 30 seconds of this long 

evolutionary day! 
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Thus, the emergence of the first genetic molecule (origene) took place in the vast chemical cauldron of the 

Earth’s primeval seas 3.8 billion years ago.  In the favorable conditions, matter gave rise to completely new 

pockets of biological information whose effect, after preservation and transmission, was to form negentropies of a 

completely new kind. 

Whatever the nature of the origene, we can only surmise that it must have been endowed with the same three 

fundamental properties of contemporary genetic materials.  It must have: (1) harbored useful information within its 

chemically coded structure; (2) possessed the ability to make copies of that information; and (3) been capable of 

changing in ways that would allow it to gradually adjust the content of the message in order to ensure its 

reproductive success.  With the appearance of this maverick self-replicating origene, the engines of biological 

evolution were set in motion.
8
 Subsequent replications led to genetic diversity, and to functional complexities.

9 

To understand how this speculation of the sequence of events – the appearance of the first origene, and the 

subsequent replications that led to diversity and complexities – is plausible, let us look at DNA replication and 

synthesis of proteins. 

Protein Synthesis 

Each molecule of DNA (deoxyribonucleic acid) consists of two distinct strands joined by weak hydrogen bonds to 

form a double helix.  Each strand of the double helix is composed of four kinds of nucleotides of distinctively 

different shapes.  Each nucleotide contains a sugar, a phosphate, and one of the four kinds of bases: the purines – 

adenine (A) and guanine (G); and the pyrimidines – thymine (T) and cytosine (C).  The sugars and phosphates, 

linked end-to-end together by strong chemical bonds, form the spiraling double spine of the helix.  The bases, 

projecting inwards from the each spiral, are joined near the central axis by weaker chemical bonds. 

A close chemical kin to DNA is RNA.  The ingredients in RNA differ only slightly from those of DNA.  As 

the name suggests, RNA has ribose rather than deoxyribose sugars.  While it has three of the same nucleotide bases 

as DNA, it has a fourth base called uracil instead of thymine.  For the most part RNA is a single stranded molecule. 

The complementary rule, arising from chemical characteristics, requires that an A on one strand must always 

pair up with a T on the other (A–T), and a G always with a C (G–C).  For RNA, the complementary rule is (A–U), 

(G–C).  Therefore the sequence of nucleotides along either strand determines the complementary sequence along 

the other.  The base-pairing preference has profound consequences.  It confers each DNA strand an inherent 

capacity to store genetic information in the form of a chemical memory bank.  Furthermore, lying along the DNA 

are genes, which are stretches of the DNA double helix encoding sufficient genetic information to assemble proteins. 

The information flow is along two principal pathways.  The first route is a one-way cascade from DNA to 

RNA to proteins that are responsible for the constellation of physical characteristics or phenotypes.  The second 

route is a circular eddy from one DNA molecule to another as the genes of a mature cell are replicated, or copied, 

before being transmitted to the cells of the next generation.  We should parenthetically mention the eccentric 

hereditary habits of a small number of viruses, called retroviruses, inspire a corollary to the second route.  

Retrovirus genes are inscribed in the base sequence of RNA rather than DNA.  As a result, during infection of host 

cells these so-called RNA viruses must depend on a special enzyme, reverse transcriptase, to reverse the usual 
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one-way flow of genetic information from DNA to RNA so that they can rewrite their genes into the self-replicating 

medium of DNA.  

Protein synthesis (first route) involves two key steps – transcription and translation.  In transcription, a 

specialized enzyme – RNA polymerase, so-named for its ability to link or polymerize RNA nucleotides into a long, 

repetitive polynucleotide chain – is invoked.  It itself, like all enzymes, are protein products of genes.  It has four 

tasks: (1) to recognize and bind to the gene; (2) to assist the bases of free-floating RNA nucleotides nearby, 

previously synthesized elsewhere in the cell, in systematically pairing with their base counterparts on the gene’s 

template; (3) to fuse the backbones of the base-paired RNA nucleotide into a linear RNA molecules; and (4) to 

disconnect itself from transcribed gene.
10

 

Protein synthesis begins when the enzyme RNA polymerase swoops in on the DNA double helix to chemically 

recognize a particular sequence of bases, called a promoter, that marks the beginning of a gene’s coded message.  

The enzyme pries the intertwining strands of DNA apart by thrusting a shoehorn-like extension between.  It then 

embraces one of strands to serve as a master copy of the gene during transcription.  The enzyme’s distinctive 

three-dimensional structure allows it to simultaneously grip one nucleotide in the DNA strand and one free RNA 

nucleotide possessing a base that will form a complementary bond with the nucleotide in the DNA strand.  The 

instant the two complementary bases lock into place, the enzyme shifts one nucleotide notch down the gene.  The 

process is repeated, and as it progresses, a growing ribbon of newly synthesized RNA emerges.  The process stops 

when the enzyme encounters a special sequence of bases, called the terminator region, which signals the gene’s end.  

Upon the encounter, the enzyme releases its hold on the DNA template strand, as well as the dangling RNA replica.  

Instantly, the locally distorted DNA strands resume their symmetrical double-helix formation, while the newly 

minted messenger RNA (mRNA) drifts away from the gene. 

During translation, mRNA’s message, written in genetic code, must be deciphered.  The cell’s decoding 

apparatus consists primarily of two other RNAs – ribosomal RNA (rRNA) and transfer RNA (tRNA) – which are 

themselves products of earlier transcriptions of other genes.  Translation of mRNAis message into protein takes 

place in specialized organelles, called ribosomes – solid clusters consisting of rRNA wrapped in proteins – in the 

cell cytoplasm.  The job is to attach to the ribbon of mRNA, convert its cryptic message of nucleotide bases into an 

ordered sequence of amino acids and link the requisite amino acids together.  The ribosomes are assisted by a team 

of much smaller tRNA, minute molecules folded into characteristic overleaf configurations, which shuttle individual 

amino acids to ribosomal construction sites. 

Translation begins the moment the boulder-shaped ribosome recognizes an mRNA and lets one end of the 

mRNA pass through it, like a strip of film being threaded into a movie projector.  Intricately carved crevices in the 

ribosome ensure that only a three-nucleotide segment – a codon – of mRNA ribbon is exposed at any one time to a 

swamp of tRNA hovering nearby.  The exposed codon, which specifies a single amino acid, acts as a sort of sticky 

molecular landing strip that accommodates a single molecule of tRNA at a time. 

Each tRNA carries a single amino acid and an identifying base triplet, or anticodon, that is complementary to 

one or more mRNA base triplets (codons).  Thus a tRNA whose anticodon base triplet complements the exposed 

mRNA triplet, according to the RNA base-pairing rules (A–U,C–G), will land on the compact mRNA landing strip 

and bond to its codon mate.  As it does so, the amino acid mounted on it slides into position and the tRNA 



Hwa A. Lim, Ph.D., MBA  Contribution to IMFP2005 - Binformatics 

Bininformatics Page 11 of 18 6/29/2005 

enzymatically links it to the polypeptide chain.  The unburdened tRNA is then ejected from the ribosomal holding 

chamber and moves away in search of a fresh amino acid.  And the mRNA template is advanced precisely three 

more base pairs through the ribosomal apparatus so that the next codon is in register to be read. 

The translation process iterates one codon at a time until the ribosome encounters a termination codon on the 

mRNA.  At which point, the ribosome releases the fully translated mRNA from its grasp.  It also lets go of the 

newly minted chain of amino acids, or polypeptides, freeing it to twist and turn into its characteristic 

three-dimensional configuration, alone or in combination with other polypeptides. 

Therefore, through the intermediary of the mRNA, there does indeed occur the transmission of an item of 

genetic information, whose acquisition and subsequent interpretation trigger the appropriate consequence. 

 

 

Figure 2.  Protein synthesis: (A) Cell nucleus contains chromosomes.  Chromosomes are mode up of DNA.  (B) DNA carries genetic 

instructions.  (C) DNA passes the instructions via mRNA.  (D) mRNA construct proteins with the help of tRNA.  (E) Addition of specific 

amino acids.  (Figure: Adapted from Burdett Buckeridge Young). 

DNA Replication 

During DNA replication, the DNA double helix unwinds when an enzyme, DNA polymerase pries them apart, 

allowing each of its single strands to serve as a template for the synthesis of a complementary strand.  Relying upon 

the rules of complementary base pairing (A–T,C–G), each strand provides the chemical memory for the synthesis of 

its missing mate.  Then each pair of DNA, one old strand and one new strand, intertwines to create a complete 

double helix.  By transmitting one copy of the original double helix to each of the two daughter cells, a cell 

communicates genetic information to subsequent generations. 

DNA replication is very similar to DNA transcription.  A specialized enzyme, DNA polymerase, instead of 

RNA polymerase, is invoked.  There are also other differences.  Replication of DNA double helix employs both 

strands simultaneously as templates to build two new double helices.  Upon completion of DNA replication, each 

newly synthesized strand of nucleic acid remains intertwined with its complementary template.  Also, replication 

takes place quickly and accurately on all 46 chromosomes (in the human) at approximately the same time, rather 

than piecemeal and erratically according to the changing need of the living cell.
8
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The Genetic Code 

The key to translation of a gene’s mRNA transcript into a polypeptide lies in the complementary rules to match 

tRNA with one or another of the 20 possible amino acids.  An mRNA sequence is written in an alphabet of 

(A,U,G,C) and that its genetic message is read in one direction three letters (a codon) at a time.  Thus, in principle, 

mRNA can code for 64 (4
3
) three-base combinations.  This is more than enough to assign one unique base triplet to 

each of the 20 possible amino acids.  The dictionary that matches RNA codons with amino acids is the genetic 

translation code, or in short, the genetic code. 

Table 2.  The genetic code for matching RNA codons with amino acids. 

First Base Second Base  Third Base 

 U C A G  

UUU  Phe UCU  Ser UAU  Tyr UGU  Cys 

UUC  Phe UCC  Ser UAC  Tyr UGC  Cys 

    

UUA  Leu UCA  Ser UAA  Stop UGA  Stop 

 

 

U 

UUG  Leu UCG  Ser UAG  Stop UGG  Typ 

U 

C 

 

A 

G 

CUU  Leu CCU  Pro CAU  His CGU  Arg 

CUC  Leu CCC  Pro CAC  His CGC  Arg 

    

CUA  Leu CCA  Pro CAA  Gln CGA  Arg 

 

 

C 

CUG  Leu CCG  Pro CAG  Gln CGG  Arg 

U 

C 

 

A 

G 

AUU  Ile ACU  Thr AAU  Asn AGU  Ser 

AUC  Ile ACC  Thr AAC  Asn AGC  Ser 

    

AUA  Ile ACA  Thr AAA  Lys AGA  Arg 

 

 

A 

AUG  Met 

       and 

       Start 

ACG  Thr AAG  Lys AGG  Arg 

U 

C 

 

A 

G 

GUU  Val GCU  Ala GAU  Asp GGU  Gly 

GUC  Val GCC  Ala GAC  Asp GGC  Gly 

    

GUA  Val GCA  Ala GAA  Glu GGA  Gly 

 

 

G 

GUC  Val GCG  Ala GAG  Glu GGG  Gly 

U 

C 

 

A 

G 

 

From the genetic code table, the genetic code relies on 61 of the 64 possible codons in RNA to specify the 20 

amino acids.  The remaining three (UAA,UAG,UGA) serve as punctuation marks in a gene’s message.  These 

three are the stop codons, signaling the end of a polypeptide in much the same way that a period signals the end of a 

sentence.  One of the 61 base triplets (AUG), in addition to specifying an amino acid, also acts as a start codon.  It 

initiates the translation of RNA into a polypeptide in a manner analogous to the capital letter marks the beginning of 

a sentence.  Since there are 20 amino acids and 61 possible codons, there is a lot of redundancy.  The redundancy 

is important in at least two ways.  First, a number of tRNA are equally adept at transporting the same type of amino 

acid.  In other words, certain amino acids can be brought to the ribosome by alternative tRNA.  Second, certain 

tRNA can bond with more than one type of mRNA codon.  This introduces an additional element of ambiguity into 

the genetic code. 
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Biology Versus Computers 

The nucleotides, (A, T, G, C), are like the letters of an alphabet, which we may call the genetic alphabet.  Their 

arrangement into sequences is analogous to words or sequences of words.  Four letters may not sound like much of 

an alphabet compared to the one (a,b,c,…,x,y,z) we are using to communicate with you, but they are more than 

adequate to the task provided that there is room enough for the message.  Indeed, computers use the simplest 

alphabet of all, the binary code with its two letters: 1 for on, 0 for off.  Such a code is in one sense inefficient, 

because we will need a set of five-letter strings (“words”) of 1s and 0s to correspond to each of the twenty-six letters 

(26 is 11010 in binary) of the English alphabet, and even longer words if we want to include capitals, numbers, 

punctuation and so on.  Our word processing computers use eight-letter words (11111111 in binary is equal 255 in 

decimal), each corresponds to a single character in English, and if we simply printed those out as strings of 1s and 0s, 

this article would be eight times as long.  But what the binary code seems to lack in efficiency it makes up for in 

ease of processing, and our computers can find combinations of letters and shuffle them about very rapidly. 

The four-letter DNA alphabet is effectively a compromise between the need for simplicity and the need for 

efficiency.  A simple alphabet is more likely to be copied accurately, when DNA replicates, but it is more efficient 

to use short words in conveying instructions in the cell.  The genetic code uses three-letter words (codons) to 

specify the twenty different amino acids that go to make up proteins, and there are letter sequences which are like 

punctuation marks; these may be longer or shorter than three letters and are used to control the other messages.  

With the exception of a few minor organelles such as mitochondria, the code itself is identical in all the living 

things.
11

 

Science, Technology and Economy 

Then why does it take so long for the information economy, and then the bio-economy to take shape? The 

predecessor of an economy lies in its technology, and earlier still in the scientific principles upon which the 

technology is based.  This means that there can be no bio-economy without biotechnology, and preceding that, 

bioscience.  In forward sequence, science leads to technology only when its principles are well understood to make 

predictions.  A predictive theory is essential to technological development.
12

 

A predictive theory explains not only what has already taken place, but also what will take place and why.  

When we understand scientific principles well enough to make reasonable predictions, we can use that knowledge to 

create practical applications, such as in agriculture, medicine and healthcare.  A predictive theory is the bridge 

between the science and the corresponding economy, and technology is what traverses across such bridges. 

For a long while, evolutionary theory, at the macro end of biology, held the most promise of a predictive theory.  

But the theories of eugenics and social darwinism were built on faulty assumptions and failed to build a viable 

evolutionary technology.  The macro view of evolution asks whether species progress and to where the chain 

evolves; the micro view asks how any new species develops.  Predictive theory is faring better at the micro end, 

and this is where advances in genetics are leading up from scientific comprehension to technological applications.  

Building on the structural understanding of DNA, the ability to manipulate DNA, the availability of DNA sequences, 

and the computer and nanotechnology as tools, genetics started to move from science to technology.  The 
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bio-economy is developing by the micro-route of genetic engineering, rather than by the macro-route of evolutionary 

engineering. 

Bioinformatics 

The intricacies of living structures are such that their deepest secrets could only be revealed after the physical 

sciences had produced the tools – electron microscopes, radioisotopes, chemical analyzers, laser technology, nuclear 

magnetic resonance, ultrasound technique, PCR, X-ray crystallography, and rather importantly, the sequencing 

machine and the computer – required for probing studies.  Computer technology, especially computing power, 

storage capacity, networking and telecommunications, has advanced to a stage that it is capable of handling the vast 

amount of data that are being generated for complex analyses to penetrate the deepest secrets of biology.
9,13

 

Bioinformatics, which makes biotechnology predictive, is the discipline that concerns with the study of 

information content and information flow in biological systems.  Understandably, it first became viable only in the 

second half of the 1980s, after the beginning of the genome initiative and advances in computer technologies.
14-16

 

Any earlier would have been rather premature, except for the study of living systems as information systems and 

modest efforts. 

Due in part to the avalanche of genetic data from genome and proteome projects and from the capability to 

collect other medical and healthcare data, bioinformatics deals primarily with these data.  If we recall Table 1, it is 

thus not surprising that many people define bioinformatics as collection, analysis, management and dissemination of 

biological (medical and healthcare) data.  As a specific example, generation may be sequencing of the human 

genome of an organism; processing may be compression of the genomic data; and storage and transmission may be 

putting the compressed data in a public domain.
17

 For a second individual, collection may be accessing the zipped 

data; processing may be finding genes; storage may be creation of a gene database; and transmission may be 

publishing of the gene database or putting the database in a public domain.  For yet a third individual, collection 

may be accessing the gene database; processing may be finding homologous genes; storage could be creation of 

homologous gene databases; and transmission could be putting the databases in a public domain.
18-20

 The process 

can be repeated, but the point is clear.  This is one reason why creation of databases is one of the most active 

activities in bioinformatics. 

In terms of forms, genetic sequences may be generated, processed and stored as data,
17

 a specific texts,
19

 

images,
21-24

 to look for specific features (that is, to generate new data),
25,26

 perform calculations (to generate new 

data),
27

 and so forth.  These functions or actions help further understanding of biological sciences
18,26

 or find 

applications in areas such a diagnostics, drug discovery, and medicine.
28 

 It is also because of the nature of the 

major current activities in bioinformatics that a lot of people tend to view bioinformatics as synonymous to 

computational biology.  But we must not forget that living systems are themselves information systems.
 

All in all, bioinformatics has evolved to serve as the bridge between observations (data) in diverse 

biologically-related disciplines and the derivations of understanding (information) about how the systems or 

processes function, and subsequently the application (knowledge).  A more pragmatic definition in the case of 

diseases is the understanding of dysfunction (diagnostics) and the subsequent applications of the knowledge for 

prevention, therapeutics or prognosis. 
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With this as hindsight, it is easy to draw on the analogy between electromagnetic theories and information 

theories.  Electromagnetic theories lead to electonics (electronic devices); information theories are leading to 

infotronics (information or smart devices); and bioinformatics is now yielding bioinfotronics (smart medical and 

health devices). 

Study at the Interfaces of Disciplines 

Since the last decade of the 20
th

 century, six new technologies – microelectronics, computers, telecommunications, 

new man-made materials (nanotechnology), robotics and biotechnology – are interacting to create a new and very 

different economic world.
29

 Convergence of these six new technologies has created a fertile interface.  In particular, 

biotechnology (BT), information technology (IT) and of late, nanotechnology (NT), have created a BT-IT-NT 

convergence, which we will call bintechnology.  The study of information content and information flow in 

bintechnology is bininformatics, or in short, binformatics.  The economics associated with the convergence has 

caused a discontinuity and a corresponding paradigm shift – where the preoccupations particular to one epoch give 

way to or are displaced by those of another.
30

 

 

Figure 3. Nanoscience is where biology, chemistry and physics meet.  (This figure is adapted from VDI Technology Center, Future 

Technologies Division). 

By definition, nanotechnology is the research and development (R&D) of a system which has at least a 

dimension no larger than 100 nm (1 nm is 10
-9

 m).  By this definition, R&D works with biological systems such as 

proteins, virus, certain bacteria, etc, are in the realm of nanotechnology.  It is thus that many R&D efforts in these 

fields are reclassified as nanobiotechnology, or bionanotechnology.  Nanotechnology is also being used to 

miniaturize further computer chips, and improve performances of electronics. 
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Figure 5.  Scales and sizes of biological and non-biological molecules, and the complexities.  (Figure: Adapted from NanoTechnology 

Magazine). 

Our major focus, however, is in the promising use of nanomaterials (such as nanocrystals) for biological data 

collection, such as diagnostic purposes.  Because of the unique properties of nanomaterials, such strong 

fluorescence, symmetric emission, extremely high photostability, and size-dependence of emission frequency, 

diagnostic tools utilizing nanomaterials are expected to be more sensitive, specific and flexible.  It is for this reason 

that we expect the contributions of nanotechnology to informatics will reside primarily in data generation.  This is 

to be expected from the history of technology development: each time a new and more powerful comes along, we 

can probe deeper into nature, leading to better understanding and better applications.
31,32

 

 

Figure 5.  Cancer diagnostics using the tumor marker of CA 15-3 in a double-determinant or sandwich fluoroimmunoassay.  The monoclonal 

antibody 115-D8, attached to a polystyrene bead, binds to the mucin-like membrane glycoprotein CA 15-3 (marker), pulling it out of solution.  

The SCN-labeled monoclonal antibody DF3 binding the CA 15-3 and the polystyrene beads are then subjected to FACS analysis. 

 

We thus expect bininformatics (or its shorter form) binformatics to be the next generation of informatics.  

Similarly, just like bioinfotronics, we expect binfotronics in the near future.  
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