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Abstract 

Differential ultracentrifugation and subcellular fractionation historically helped to study the 

components of the cell, to discover new cellular organelles, and to decipher their 

morphological and molecular properties. In neuroscience, the technique has yielded important 

results on neuron biochemistry and the mechanisms of synaptic transmission. This Cerebellar 

Classic is devoted to the pioneering work of Manuel del Cerro, Ray S. Snider and Mary Lou 

Oster-Granite, who isolated purified fractions after successive centrifugations of the rat 

cerebellum from birth to adulthood, and studied them under the electron microscope. 
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Cell fractionation by differential centrifugation combined with electron microscopy was 

pioneered by Albert Claude (1899–1983) of Rockefeller University in 1946 [1], and heralded 

the beginning of decades of unprecedented breakthroughs, including the description of 

mitochondria and endoplasmic reticulum by Claude [1], ribosomes and protein synthesis by 

George Palade (1912–2008) [2], and lysosomes and peroxisomes by Christian de Duve 

(1917–2013) [3].  

 

The technique aimed to separate cellular components while preserving their functions, by 

combining the steps of homogenization of tissues, filtration, and density gradient 

centrifugation. Ultrastructure merged into biochemistry, and the biochemistry of mass-

isolated subcellular components became the best way to get at the function of newly 

discovered structures of the cell [2]. Actually, de Duve discovered a new cellular organelle 

without using a microscope [3]. Having differential centrifugation as a tool, he thought that, 

in order for the other components of the cell not to be affected and for the cell in its entirety 

not to be destroyed by the action of acid phosphatase, such enzymes should be enveloped in 

some membranous encasing, and suggested the existence of an independent organelle, the 

‘lysosome’ (named so because its role was digestive, or ‘lytic’). In 1955, he sent his 

subcellular fraction to the cytologist Alex B. Novikoff (1913–1987) at the Albert Einstein 

College of Medicine, who examined the specimen under the electron microscope, and saw 

that it contained the mysterious structures that for years morphologists had called 

‘microbodies’ [4]. This avalanche of discoveries set the stage for the growth of modern Cell 

Biology as a new scientific discipline [5, 6]. 

 

Subcellular fractionation was applied to nervous tissue by biochemist Victor P. Whittaker 

(1919–2016) in Cambridge and by cell biologist Eduardo De Robertis (1913–1988) in Buenos 

Aires. Beginning in 1958, by combining differential and density gradient centrifugation, 

Whittaker and his coworkers isolated detached presynaptic nerve terminals, which they 

termed ‘synaptosomes’ [7]. They demonstrated that synaptic vesicles store acetylcholine. Cell 

fractionation has been widely used to study neuron biochemistry and the molecular 

mechanisms of synaptic neurotransmission in particular [8]. This has led to major discoveries 

regarding the identity of neurotransmitter systems and their uptake mechanisms [9]. 

 

In the present Cerebellar Classic [10], the authors, using successive centrifugations, 

isolated purified subcellular particles from the cerebella of Sprague-Dawley rats, and studied 
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them under the electron microscope.  

 

Having trained under De Robertis in his native Argentina, Manuel del Cerro (now retired) 

joined the faculty of the University of Rochester Medical Center. In 1963, Ray S. Snider 

(1911–1991) had become director of the Center for Brain Research, the first USA 

interdisciplinary group of its kind [11], succeeding its founder, Erwin R. John (1924–2009). 

The cerebellum was at the center of del Cerro’s research. He documented early 

synaptogenesis [12] and the progressive reduction of extracellular space [13], the fine 

structure of the Purkinje cell cilium [14], and the growth cones [15, 16] that Ramón y Cajal 

had discovered in 1890 [17, 18]. 

 

Snider had been studying the cerebellum at a time when that part of the CNS was 

considered ‘a silent area of the brain, a region of subtle and tantalizing mystery’; he foresaw 

that the major function of integration that the cerebellum subserved might extend into the 

mental realm [19]. While working at Johns Hopkins University with the neurosurgeon Averill 

Stowell in the 1940s, Snider proposed that the cerebellum, besides proprioception and 

equilibrium, was also involved in the coordination of tactile, auditory, and visual processes in 

a somatotopic organization typified by cerebellar ‘homunculi’ or projection areas showing 

localization of function [20, 21]. 

 

The discussed classic was assisted by Mary Lou Oster-Granite, then an undergraduate 

student at the University of Rochester majoring in Biology and Chemistry. After earning her 

Ph.D. from Johns Hopkins University, she went on to serve on the faculties of the University 

of Maryland, Johns Hopkins, and University of California–Riverside, and as the health 

sciences administrator at the National Institutes of Health. 

 

The various obtained fractions were highly homogeneous and comprised nuclei, 

mitochondria, endoplasmic reticulum (‘microscomes’), synaptosomes, ribosomes, and myelin. 

By studying animals at ages ranging from newborn to adult, the authors documented increases 

of both synaptic vesicles and myelin fragments over time. The novelty of the study was that it 

focused on the cerebellum at a time when it was common among neurochemists, who tacitly 

considered the brain ‘a homogeneous population’ — when in fact it is ‘a pool of regions 

known to have important histochemical and physiological differences’ [10] — to either study 

the brain as a whole or keep only the cerebrum. With a few exceptions [22], the cerebellum at 



 5

that time was generally dissected away and discarded. The isolation of subcellular fractions 

from developing cerebella [10] further extended the possibility of analyzing the biochemical 

underpinnings of cerebellar histogenesis. 

 

Subcellular fractionation was later used to study the cerebellar glomeruli [23], the 

differential incorporation of glutamate and GABA in molecular and granular layer 

homogenates [24], biochemical changes in the cerebellum of mutant mice [25], and to isolate 

and sequence new cerebellar peptides, the cerebellins [26], among others. In more recent 

years, age-related changes in energy metabolism in the rat cerebellar cortex were 

characterized in vitro by means of functional proteomics after combined differential/gradient 

centrifugation; specific and independent metabolic features were documented for mossy and 

parallel fiber synaptosomes regarding maximum rate (Vmax) of selected enzymes of 

glycolysis, the Krebs cycle, glutamate and amino acid metabolism, and acetylcholine 

catabolism [27]. Overall, the study of synaptosomes led to a confirmation that the brain was 

composed of highly specialized areas at a histological, biochemical and neurochemical level, 

with numerous stereospecific regions [28].  

 

Current studies dissecting neuron-glia interactions and aiming to understand how 

elemental synaptic defects impact on complex brain functions such as cognitive operations are 

in the direct line of these earlier experiments [29]. The history of cell fractionation has 

contributed to our understanding of the structural and functional properties of the cerebellum, 

showing a high degree of heterogeneity of fractions obtained by centrifugation in 

discontinuous and continuous sucrose gradients [30]. In all, the technique of cellular 

fractionation has played a major role in advancements in neuroscience. 
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