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An overview of optical biomolecular imaging is provided. Following a brief history of the development 5 

of probes and technologies in this area, general approaches used image biomolecules in current 

commercial systems are discussed.  A brief summary of research challenges in this area – in terms of both 

the chemistry and technique development ! is introduced. Finally, areas rich for possible future 

development are suggested.�

����
�����
��10 

Attributed to the Apostle St Thomas, the familiar phrase “�������

��� ��	��
���”, is the philosophical basis of all sensor and image 

probe technologies. Although, the design of synthetic, molecular!

based, targeted sensors only really emerged as a clear research 

discipline in the last few decades, as is often the case, Nature got 15 

there first.  

 Research into the molecular basis of the five senses has 

revealed the exquisite sensitivity of these biological systems: a 

rod cell within the eye can detect a single photon, olefactory 

receptors (which, interestingly, can only detect molecules with 20 

molecular weights below 300 Da1) can immediately detect the 

presence of specific chemical functional groups, and the 

mechanoreceptors of the human cochlea can detect sound driven 

vibrations of only 0.3 nm and differentiate 1 Hz differences in 

tones pitched at around 1000 Hz.2 In fact, cellular functions 25 

throughout the cell cycle are predicated on a complex network of 

signalling systems triggered by the detection of specific 

molecular substrates that consequently up! or down!regulate 

biological pathways and events.  

 In all these natural biological sensor systems the same protocol 30 

is used: Perception, Signal Transduction, and Response – a 

sequence that has become familiar in the design of synthetic 

systems. While the generation of intentionally designed small ion 

and molecule sensors following these principles has greatly relied 

on developments of specific macrocycles, optical imaging probes 35 

for cellular components and biomolecules have a much longer 

history.  

��������	���
��
����������$�������������
���

Since most cells are transparent and largely colourless, detailed 

cellular studies could only truly begin after the development of 40 

differential cell stains; this process began in earnest in 1858 when 

Joseph von Gerlach outlined how dilute solutions of carmine 

could be preferentially taken up by, and stain, the nuclei of brain 

tissue cells. 3 In the following decades, a number of significant 

breakthroughs in this area were made. Despite the fact that most 45 

stains were generally non!specific, and had affinities only for 

certain broad categories of molecules ! such as proteins, nucleic 

acids, or lipids ! several imaging protocols developed in this 

period are still important today.  

 Notably, Hans Christian Gram delineated the staining 50 

methodology that bears his name. Gram staining ! which is still 

used as one of the first steps in classifying bacteria ! relies on the 

fact that, whilst the purple stain crystal violet is retained in 

peptidoglycan!rich cell walls of Gram!positive bacteria, a 

counterstain is required to image Gram!negative strains. 4  55 

 Perhaps more remarkably, one of the cell staining systems 

developed during this early period of discovery, over a century 

ago, 5 is still the most commonly used imaging agent for medical 

diagnostics.  

 60 

%�
��� H&E staining used in a lung biopsy of a SARS patient ! arrow 

marks an enlarged pneumocyte. Image from Nichols�����	, 6 with 

permission from Elsevier. 

 As its name implies, the haematoxylin and eosin, H&E, stain is 

a combination of two stains. Haematoxylin, which is a derivative 65 

of the Central American logwood tree, is the only natural product 

stain still commonly in use.  When haematoxylin is dissolved in 

water and oxidised, addition of Al3+ ions produces haemalum, a 

dye that stains nucleic acids blue. The second component of 
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