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CONTINUING MEDICAL EDUCATION (CME)

Hopefully, our readers enjoyed the CME section introduced in 
the previous volume of Biomedical Reviews. Then, we started 
with two “scaffoldings” - a metaphor that describes the way a 
teacher provides assistance to the students during the learning 
process in much the same way that the construction scaffold-
ing serves as a temporary support until the building can stand 
on its own, which, in terms of neurocognition, is conceptual-
ized as scaffolding theory of aging and cognition (1,2).

Today, a plethora of publications is disseminating glo-
bally. In a “think globally-act locally” manner, each of us, 
mostly in a group with others, focuses - for good or not so 
much good - on her/his research interest. “It is our view that 
this has brought us only from stage 1 to stage 2 in terms of 
the three stages of knowledge presented by our Zen epi-
graph” written by the great scientist Oscar Hechter (3). First 
expressed in 1964, it sounds true also today. We – teachers, 

researchers and students - are, nevertheless, a curious entity. 
Hence, to further move on the route of fascination with the 
different aspects of biomedical science, “we have some sug-
gestions to offer regarding routes to stage 3” (3), presenting 
two new Scaffoldings constructed by the Editor-in-Chief: (i) 
hub proteins, and (ii) neuroadipology. 

1. Park DC, Reuter-Lorenz P. The adaptive brain: ag-
ing and neurocognitive scaffolding. Annu Rev Psychol 
2009;60:173-196.

2.  Goh JO, Park DC. Neuroplasticity and cognitive aging: 
the scaffolding theory of aging and cognition. Restor 
Neurol Neurosci 2009; 27: 391-403.

3.  Hecther O, Halkerston IDK. On the action of mammalian 
hormones. In: The Hormones. Volume 5, Academic Press 
Inc., New York, 1964. pp 697-816.

 “To a man who knows nothing, 
 Mountains are mountains
 Water is water and
 Trees are trees.
 When he has studied and knows a little, 
 Mountains are no longer mountains
 Water is no longer water and
 Trees are no longer trees.
 When he has thoroughly understood,
 Mountains are again mountains
 Water is water and
 Trees are trees.”
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SCAFFOLDING 1 

HUB PROTEINS  

A traditional view says the one solved problem opens a 
cascade of unanswered questions, including new problems. 
That is, each solution may certainly raise new questions, so 
that the land of the unknown remains always there to chal-
lenge new studies. Thus, “the science factories” (a phrase of 
Norbert Wiener) can be appreciated as an in-progress, com-
plex and, hopefully, pleasurable event.  Today, in the post-
genomic time, proteomics/interactomics has emerged as one 
of these new studies.  

Systems biology should give us the tools to model how 
genes, proteins, and other molecules work together to medi-
ate various biological processes. The prominent role that pro-
tein–protein interactions play in most biological processes, 
combined with the fact that we know so little about the func-
tions of most proteins, has inspired efforts to map interac-
tions on a proteome-wide scale (e.g., for all of the proteins 
encoded by a genome) 

A large number of cellular processes are mediated by inter-
actions among proteins, including receptor-mediated signal 
transduction, post-translational modification, protein target-
ing/sorting, and enzyme activity. There are papers reporting 
that a change in the medium induces in some cultured cells 
the upregulation of 870 genes and downregulation of 364 
genes; the crucial question is which of the proteins encoded 
by these 1,234 genes is truly important  (1). Further, in a scaf-
fold forming the postsynaptic density isolated from human 
neocortex, 1,461 proteins were identified (2). Furthermore, 
mutations of certain genes encoded some of these proteins 
cause 133 neurological and psychiatric diseases. In this same 
vein, many other examples could be indicated, one of them 
being the scaffold of SNAREs which is highlighted in the 
review of Bhanu Jena and the Editorial of Danko Georgiev, 
both in this volume of Biomedical Reviews.

Certainly, some questions arise: Why are only a few pro-
teins uniquely vital to the functioning of an organism? What 
leads to the high connectivity of some proteins? Understand-
ing how proteins interact with other proteins may provide 
the answers. Furthermore, the functions of many proteins are 
unknown and identification of the physical interactions in 

which these proteins participate is likely to give an indication 
of their function. In the past few years new technologies have 
facilitated high-throughput determination of protein-protein 
interactions. 

Most proteins interact with only a few other proteins 
while a small number of proteins have many interaction 
partners, these latter proteins being called “hub proteins”. 
Hub proteins are those proteins in a protein-protein interac-
tion networks (PPIN) that have remarkably higher interac-
tion degrees than the others, the non-hub proteins. These 
proteins are like hubs on a wheel with multiple spokes 
(interacting partners) attached: take away a few spoke and 
the wheel works, take away the hub and the wheel is use-
less. Two types of hub proteins are identified at present: 
(i)  “date” hubs, which tend to be coexpressed with only 
one binding partner at a time (its parallel may be “single-
interface hubs”, and (ii) “party” hubs that are cotranscribed 
alongside multiple partners (Fig. 1).

The elucidation of large number of PPIN has contributed 
to the identification of biochemical and signaling pathways, 
and to functional annotation of genes. Such networks have 
been systematically determined and explored in the baker’s 
yeast Saccharomyces cerevisiae, also bacteria and other or-
ganisms (3-9).  Genomic studies show that deletion of a hub 
protein is more likely to be lethal than deletion of a non-hub 
protein, a phenomenon known as the centrality-lethality rule. 
This rule is widely believed to reflect the special importance 
of hubs in organizing the network, which in turn suggests the 
biological significance of network architectures, a key notion 
of systems biology. Despite the popularity of this explana-
tion, the underlying cause of the centrality-lethality rule re-
mains to be further examined. 

Furthermore, the knowledge of hub proteins can provide 
very useful insights for selecting  targets in drug develop-
ment. It is anticipated that the hub-protein-simulator may be-
come a very useful tool for systems biology and drug devel-
opment, particularly in deciphering unknown protein func-
tions, determining protein complexes, and in identifying the 
key components of a complicated disease system. 
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Figure 1. Hub connection. Simplified network diagram (top), showing a hub protein (yellow) connecting three other proteins. 
A single-interface hub (left) and a multi-interface hub (right). Below, gene expression levels are indicated (graphs). Modified 
from: Yeates and Beeby (10).
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HUB STRUCTURES

Cell protein secretion is a “step-by-step” intracellular proc-
ess involving synthesis, sorting, targeting, storage, and, if the 
proteins are exportable, exocytosis/porocytosis. This latter 
final step is realized by the porosomes brilliantly highlighted 
by Professor Bhanu Jena in this volume of Biomedical Re-
views. Briefly, there are anterograde and retrograde mem-
brane/cargo traffics within the cell. For instance, the endo-
somes are hubs of endomembrane trafficking. They integrate 
vesicular traffic from different sources such as the plasma 
membrane or the Golgi apparatus and sort cargo to different 
destinations such as vacuole, plasma membrane or back to 
the trans-Golgi network (TGN). 

The retromer is a heteropentameric complex that associ-
ates with the cytosolic face of endosomes and mediates ret-
rograde transport of transmembrane cargo from endosomes 
to TGN. Retromer was first shown to control the endosome-
to-Golgi retrieval of lysosomal hydrolase receptors, and over 
the past few years, it has been found to play a similar role in 
the transport of many other proteins in all eukaryotes from 
simple amoeba to plants and mammals (11-14). The mamma-
lian retromer complex comprises a sorting nexin dimer com-
posed of a still undefined combination of various proteins of 
the sorting nexin (SNX) family such as SNX1, SNX2, SNX5 
and SNX6, and a cargo-recognition trimer composed of the 
vacuolar protein sorting (Vps) subunits Vps26, Vps29 and 
Vps35 (15). Recent studies have implicated retromer in a 
broad range of physiological, developmental and pathologi-
cal processes, underscoring the critical nature of retrograde 
transport mediated by this complex (14-16). Retromer-medi-
ated traffic is illustrated in Figure 2.

At a holistic levels, networks of interacting components 
have been investigated as models for understanding seem-
ingly diverse systems such as the topology of the Internet, the 
social network, the “human web” (including links of guests 
at a cocktail party), hub proteins, and  the recruiting hub ret-
romer  - in the so-called “small world” (10).
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Figure 2. Sorting of acid hydrolases mediated by mannose 6-phosphate receptors. The scheme represents the sorting of acid hy-
drolases by transmembrane, mannose 6-phosphate receptors (MPR) that cycle between the trans-Golgi network (TGN) and en-
dosomes. Coats containing clathrin, GGA and AP-1 mediate exit of hydrolase-MPR complexes from the TGN, whereas retromer 
mediates the retrieval of unoccupied MPR from endosomes. Sequestration of MPR into recycling tubules by retromer prevents 
their delivery to the degradative, multivesicular body (MVB) pathway by the clathrin-ESCRT machinery. A fraction of MPR are 
transported from the TGN to the plasma membrane, after which they are internalized by coats containing clathrin and AP-2, 
joining the pool of recycling receptors in endosomes. See text for additional details and references. TEN: tubular endosomal 
network; H+ represents the acidic pH of the endosome lumen. From: Bonifacino and Hurley (11). 


