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Professor Joseph (Yossi) Sperling, Weizmann Institute of Science, passed away suddenly and 
unexpectedly on 19.1.2013, and we all miss him badly. Yossi was an original and innovative scientist 
who combined his interdisciplinary expertise in Chemistry, Organic Chemistry, Photochemistry and 
Molecular Biology to elucidate key questions in Biology and Chemistry. He was also an excellent 
teacher and supervisor and mentored several generations of students, many of which reached senior 
positions in academia and the biotech industry. Yossi was born and grew up in Tel Aviv. He received 
his BSc in Chemistry and Physics at The Hebrew University of Jerusalem, and his MSc in Organic 
Chemistry, under the supervision of AD Bergman, at the Hebrew University of Jerusalem. During that 
time he worked at one of the first Israeli high tech companies, specializing in synthetic Organic 
Chemistry. He then continued his PhD studies at the Department of Organic Chemistry, at The 
Weizmann Institute with Prof Dov Elad, specializing in photochemistry of small molecules and 
peptides. His Postdoctoral fellowship at the MRC Laboratory of Molecular Biology, Cambridge 
England, with Brian Hartley, helped him combine his Chemistry expertise with Molecular Biology.  

In 1973 he returned to Israel to The Department of Organic Chemistry at the Weizmann Institute 
where he worked to his last day. He started his own research by combining his expertise in 
photochemistry with molecular biology to understand structure-function relations in complexes of 
proteins and nucleic acids. He pioneered the use of photochemistry to decipher protein nucleic acids 
interactions in biological complexes [Sperling & Havron, Biochemistry 15, 1489 (1976); Havron & 
Sperling, ibid 16, 5631 (1977)], studies that were quoted as “bench Marks” in the field. Today, the field 
of photochemical crosslinking of proteins and nucleic acids is at the basis of extremely high number of 
cutting-edge methodologies in biology. In parallel, photochemistry was used to elucidate how the 
internal interaction (stacking) of nucleic acid bases in DNA and RNA selectively protects them against 
photochemical reactions (damage).  The concept was taken a step further to bacteria in which a new 
endonuclease specific for photochemical induced modification of purines was discovered [Livneh et 
al., PNAS 76, 1089 (1979); ibid 76, 5500 (1979)]. 

After a Sabbatical at Stanford he started working on splicing and pre-mRNA processing, combining 
chemistry, molecular biology and structural biology to study the structure function relations of the 
splicing machine in collaboration with Ruth Sperling of the Hebrew University. Splicing and alternative 
splicing are key regulatory mechanisms and major factors in generating the diversity of the human 
proteome. Aberrations in splicing may interfere with normal cell growth and development, and thereby 
partially explain the development of certain cancer cells. In his studies of pre-mRNA splicing, Yossi 
was the first to isolate, visualize and characterize the cellular machine that splices together the 
genetic information encoded in the DNA – the supraspliceosome (Sperling et al, MCB 5, 569 (1985); 
Sperling et al, PNAS 83, 6721 (1986); Spann et al, PNAS 86, 466 (1989)]. The entire repertoire of 
nuclear pre-mRNAs, independent of their length or the number of introns they contain, are found 
assembled in splicing-active supraspliceosomes [reviewed in Sperling et al., Structure 16, 1605 
(2008]. Supraspliceosomes harbor as integral components all five spliceosomal U snRNPs and 
splicing factors [Miriami et al, J Mol Biol 246, 254 (1995); Azubel et al, J Mol Biol 356, 955 (2006)]. In 
addition to the constitutive splicing factors, a number of splicing regulatory factors were found to be 
predominantly associated with supraspliceosomes, including all the phosphorylated SR proteins 
[Yitzhaki et al, PNAS 93, 8830 (1996)], and the splicing regulatory factor hnRNP G [Heinrich et al, J 
Biol Chem 284, 14303 (2009)]. In accordance with these findings, the supraspliceosome was shown 
as the nuclear complex in which constitutive and alternative splicing occurs [Heinrich et al, J Biol 
Chem 284, 14303 (2009); Sebbag-Sznajder et al, J Struct Biol 177, 153 (2012)]. The completion of 
sequencing of the human genome and the knowledge that humans have only ~20, 000 genes 
although they express hundred thousands of proteins highlighted the important role of splicing and 
alternative splicing in gene expression. 
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The large number of processing activities that the pre-mRNA has to undergo before it can be exported 
from the nucleus to the cytoplasm, where it is translated into protein, emphasizes the necessity of a 
pre-mRNA processing machine like the supraspliceosome that can ensure coordination and quality 
control of the large number of processing activities that the pre-mRNA undergoes. These activities 
include: 5’ and 3’ end processing, RNA editing, splicing, alternative splicing. Indeed, the 
supraspliceosome was found to harbor other components of pre-mRNA processing, such as the cap-
binding proteins, components of the 3'-end processing activity [Raitskin et al, J Struct Biol 140, 123 
(2002)], and the RNA editing enzymes ADAR1 and ADAR2 [Raitskin et al, PNAS 98, 6571 (2001); 
Agranat et al, PNAS 105, 5028 (2008)]. These findings support the view that the supraspliceosome, in 
addition to its splicing activities, is the nuclear pre-mRNA processing machine.  

Studies in recent years showed the importance of non-coding RNAs in the regulation of gene 
expression and demonstrated the existence of new non-coding RNA classes whose function, in most 
cases, is yet unknown. Interestingly, large fractions of microRNAs, that are central regulators of gene 
expression, are encoded in introns of RNA polymerase II transcripts. The hypothesis that the 
biogenesis of intronic miRNAs occurs in supraspliceosomes was recently confirmed, also 
demonstrating cross talk between splicing and microRNA biogenesis within the supraspliceosome 
[Zhang et al, Exp Brain Res 230, 387 (2013); Agranat-Tamir et al, NAR 42, 4640 (2014)]. 

The structure function studies of the supraspliceosome lead to the discovery of a quality control 
mechanism, termed suppression of Splicing (SOS), as part of the supraspliceosome that is required to 
ensure the production of translatable mRNA [Reviewed in Sperling and Sperling, RNA Biol 5 220 
(2008)]. It was shown that only a small percentage of potential splice sites, that conform to the 
consensus sequence for splicing are true ones, while the majority remain silent (latent) and are not 
normally utilized for splicing. Most of these sequences are preceded by at least one in frame stop 
codon; thus, their use for splicing would result in pre-maturely terminated aberrant mRNAs [Miriami et 
al, J Struct Biol 140, 116 (2002)]. This suggested a link between splice site selection and maintenance 
of an open reading frame within the mRNA. This link was confirmed by showing that removal of the 
stop codons by either frame shift or point mutations activated latent splicing [Li et al, PNAS 99, 5277 
(2002)]. It was further shown that the initiation codon sequence [Kamhi et al, NAR 34, 3421 (2006)], 
and the initiator-tRNA, independent of its role in translation, are required for SOS [Kamhi et al, PNAS 
107, 11318 (2010)]. Although, latent splicing is not found in normally growing cells, under stress 
conditions and in cancer aberrant splicing involving latent splicing is widespread across the human 
transcriptome, and occurred in thousands of genes of specific gene transcripts. These changes were 
found in thousands of transcripts, representing a wide variety of functional groups, amongst them are 
genes involved in cell proliferation and differentiation. These findings highlight the possibility that 
latent splicing may underlie several diseases [Nevo et al, NAR 40, 10980 (2012)].  

The supraspliceosome is a huge macromolecular complex built of RNA and proteins. Mass 
measurements by Scanning Transmission Electron Microscope (STEM) revealed that the 
supraspliceosome is a gigantic complex of 21 MDa. (21.1±1.6 MDa; n=400) [Müller et al, J Mol Biol 
283, 282 (1998)]. The relatively uniform mass of the supraspliceosome revealed by the STEM mass 
measurements reflects the general basic structure of the supraspliceosome - the in vivo pre-mRNA 
processing machine. Sperling and his colleagues have produced the most detailed three-dimensional 
structure of the supraspliceosome to date and clarified numerous important aspects of its function. 
Structural studies revealed that the supraspliceosome is composed of four apparently similar splicing 
active substructures – native spliceosomes – each resembling an in vitro assembled spliceosome, 
which are connected by the pre-mRNA [Sperling et al, J Mol Biol 267, 570 (1997); Medalia et al, J 
Struct Biol 138, 74 (2002); Sperling et al, Structure 16, 1605 (2008)]. Within the supraspliceosome, 
the native spliceosomes are arranged such that their small subunits reside in its center. This 
configuration allows communication between the native spliceosomes, which is a crucial element for 
regulated alternative splicing and for quality control of the resulting mRNAs  [Cohen-Krausz et al, J 
Mol Biol 368, 319 (2007)]. The structure of the native spliceosome was solved at a resolution of 20 Å 
by the single particle technique in cryo-EM. The structure revealed an elongated globular particle 
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made up of two distinct subunits connected to each other leaving a tunnel in between. The large 
subunit was shown as a suitable candidate to accommodate the five-spliceosomal U snRNPs, and the 
small subunit was proposed to harbor the non-snRNP splicing factors [Azubel et al, Mol Cell 15, 833 
(2004)]. The structural functional studies indicate that the supraspliceosome represents a 
stand-alone complete macromolecular machine capable of performing splicing and pre-mRNA 
processing of every pre-mRNA. It presents a closed-structure-model composed of four native 
spliceosomes connected by the pre-mRNA. In this configuration the supraspliceosome acts as a 
multiprocessor machine that can simultaneously splice four introns – not necessarily in a 
consecutive manner [reviewed in Sperling et al., Structure 16, 1605 (2008]. 

The complexity and large size of the supraspliceosome made electron microscopy (EM) the method of 
choice for its structural analysis in order to understand its function. However, visualization and 
distinction by EM of RNA and protein molecules cannot be directly achieved because of the similar 
low-density weakly scattering atoms they contain. Therefore, for EM visualization and mapping of 
RNA and protein components within supraspliceosomes, Yossi employed his chemistry to develop 
methodologies for protein and RNA visualization by EM using gold-nanoclusters to tag nucleic acids 
and proteins or antibodies [Medalia et al, J Struct Biol 127, 113 (1999)]. These methodologies 
enabled visualization of the pre-mRNA, the U snRNAs and supraspliceosomal proteins. They are 
used to validate the unique arrangement of U snRNPs within native spliceosomes, that were achieved 
using a method developed by Dr Miriam Eisenstein (WI) in a collaborative work for fitting EM 
structural data of subcomponents of a complex to the EM data of that complex [Frankenstein et al, 
Structure 20, 1097 (2012)].  

The gold chemistry employed for structural analysis of supraspliceosomes led to his collaboration with 
Prof Israel Bar Joseph of the Weizmann Institute to study electronic transport and optics with 
nanoparticles assemblies. One of the major challenges in realizing a functioning single molecule 
transport device is finding a reliable and well-defined method to contact the molecule.  The very small 
size of the molecule, typically ~1 nm, calls for innovative approaches to meet this challenge. Indeed, 
various approaches have been suggested and realized in the last decade. In fact, part of the diversity 
in the published results on transport through single molecules is a result of the lack of a good method 
for contacting and measuring single molecules. To meet this challenge we developed a new method 
for achieving well-controlled single molecule devices.  This approach combines the conventional top 
bottom approach for creating sub-micron gaps and uses the bottom up approach of chemical 
synthesis for creating nano size constructs. In this method we form constructs, which comprise of the 
desired molecule directly connected to nm size metallic contacts. The dimer structure, consisting of 
two metallic nanoparticles connected by a single molecule, is highly appropriate for molecular 
transport studies. Its advantages are (i) Single molecule devices can be fabricated with high certainty. 
(ii) The contacts to the molecule are well defined and can be characterized separately. (iii) It avoids 
the need for fabricating nanometer size gaps. (iv) It allows performing temperature dependent 
measurements of the molecular junction conductance over periods of hours and even days, regaining 
the original spectra after thermal cycling. Indeed, the transport properties of several conjugated 
organic molecules, biphenyldithiol (BPD), bis- (4-mercaptophenyl)-ether (BPE), and 
benzenedimethanethiol (BDMT), were successfully measured using this contacting scheme [Dadosh 
et al Nature, 436, 677 (2005)]. 

It turns out that the dimer approach has a further advantage. Single electron devices are a subject of 
large current interest because of their potential applications as nanometric transistors, memory 
elements and quantum information devices. Acquiring non-trivial functionality with such devices 
requires complex structures that combine together a few coupled domains. This challenge was 
addressed in semiconductor nanostructures, mainly by implementing advanced lithography on two-
dimensional structures. However, realizing such devices in metals, where a wealth of new effects and 
applications can be realized is challenging, as the tunnel barriers have to be sub-nanometric in width. 
This requirement practically excludes the use of lithography as a mean for constructing a metallic 
multi-dot nanometric device, and calls for a different approach. The dimer approach enables us to 
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overcome the difficulty. We showed that it allows us to construct a full single electron device, in which 
the electrostatic potential on each of the nanoparticles is controlled by a separate gate, and the tunnel 
barriers are pre-defined by the capping layer. The device was operated in a wide range of external 
voltages resulting in more than 250 charge configurations of the dimer [Guttman et al., Appl. Phys. 
Lett. 99, 063113 (2011)]. This rich behavior provides an attractive arena for double dot physics 
research. 

One such demonstration is a recent work, in which a random telegraph signal (RTS) was detected in 
the current through a dimer, and was attributed to the charging and discharging of a surface trap by a 
single electron trap. We demonstrate the ability to control the time in which an electron is held in the 
trap over several orders of magnitude. This control is best demonstrated in the Coulomb blockade 
regime, where an electron can be trapped for practically indefinitely. This isolated trapped electron 
has very weak interaction with the environment, and can therefore be an interesting candidate for 
quantum information operations on relatively long time scales (Vardi et al submitted). 

The dimer structure allowed us to study also plasmonic effects in nano structures. The first work 
focused on measuring the surface-enhanced Raman scattering (SERS) of individual organic 
molecules [Dadosh et al., ACS Nano 3, 1988 (2009)]. The good control of the dimer preparation 
process enabled us to study quantitatively the effect of the nanoparticle size on the SERS intensity 
and spectrum at the single molecule level. We found that as the nanoparticle size increases the total 
Raman intensity increases and the lower energy Raman modes become dominant. We performed an 
electromagnetic calculation of the Raman enhancement and showed that this behavior can be 
understood in terms of the overlap between the plasmonic modes of the dimer structure and the 
Raman spectrum. As the nanoparticle size increases, the plasmonic dipolar mode shifts to longer 
wavelength and thereby its overlap with the Raman spectrum changes. This suggests that the dimer 
structure can provide an external control of the emission properties of a single molecule.  
In another work we formed structures that are made of metal nanoparticle and a quantum dot and 
studied their plasmonic coupling. The control we have over the design of the structures, and in 
particular – the distance between the two objects, allows us to investigate Plasmon-exciton coupling 
on a single object level. Our work allowed us to separate the plasmonic effect on the quantum dot 
absorption and emission. By changing the polarization of the excitation we can manipulate the 
emission between an off and on states, with a factor of 100 between these two states [Cohen Hoshen 
et al. Nano Letters 12, 4260 (2012)]. 

Yossi was a pioneering, original, and innovative scientist. He was problem oriented, and combined his 
interdisciplinary expertise in Chemistry, Organic Chemistry, Photochemistry and Molecular Biology to 
decipher key questions in biology and chemistry. Yossi pioneered the use of photochemistry to 
decipher protein nucleic acids interactions in biological complexes, studies that were “bench Marks” in 
the field. Together with colleagues he discovered the supraspliceosome – the in vivo pre-mRNA 
processing machine - and have produced the most detailed three-dimensional structure of the 
supraspliceosome to date and clarified numerous important aspects of its function as a 
multiprocessing machine, including the discovery of a novel quality control mechanism as part of the 
supraspliceosome, which is abrogated under stress and in cancer. In parallel, Yossi pioneered gold 
nanocluster chemistry, both for EM localization of protein and nucleic acids in biological complexes, 
and for introducing gold-nanoclusters as a reliable and well-defined method for electronic transport 
and optics measurements at the nanometric scale. Yossi was an excellent teacher and supervisor and 
gladly shared his expertise with students and colleagues. He taught and mentored many graduate 
students and succeeded to see several of them reaching senior positions in Academia and the Bio-
Tech Industry in Israel and abroad. 
 
 
 
 
 


