
fleshed out by Ewald Hering (3) and reverbe- 
rated throughout the latter half of the 19th 
century. Fueled by growing recognition of the 
importance of relational processing ( 5 )  and 
bv the birth of modern neuroscience. Mach's 
ideas of reciprocal action have since inspired 
an enormous number of behavioral and bioloe- - 
ical studies of visual perception. Celebrated 
among them was the discoverv in the 1940s 
(6) ofvthe existence of neuroial circuitry- 
known as "lateral inhibitionn-that conforms 
to Mach's predicted spatial interactions. 

Although lateral inhibition is now be- - 
lieved to underlie the perceptual sharpening 
of local edgq of contrast ( 3 , 7 ) ,  the neuronal 
signals that underlie perceived light inten- 
sity of extended surfaces (areal brightness) 
have remained a mystery. The new report by 
Rossi et al. (2)  offers intriguing new evidence 
for the locus and the nature of these signals. 
By varying luminance relations within a sim- 
ple visual pattern, these investigators were able 
to manipulate the brightness of a target area 
in two ways: (i) directly, such that brightness 
paralleled changes in area luminance; or (ii) 
inductivelv, such that area luminance re- , , 
mained unchanged but its brightness in- 
versely paralleled bhanges in the surrounding 
luminance. The target area was placed within 
the receutive fields of individual neurons in 
primary visual cortex, and the activity of the 
neurons was recorded in the Dresence ofboth 
direct and induced brightiess changes. A 
substantial fraction of neurons exhibited re- 
sponses that covaried with areal brightness, 
regardless of whether brightness changes 
were caused directly or induced by changes 
occurring well beyond the margins of the 
receptive field. In other words, these neurons 
appear to encode perceived intensity of light 
in a manner that is independent of cause. 

Areal brightness induction thus satisfies 
the painter's need and can be accounted for 
in neuronal terms. But what function does it 
serve when viewing natural scenes? The 
simple answer is that it is borne of an exquis- 
ite sensitivity to contrast-for it is contrast, 
not local light intensity, that offers the most 
important information about the viewer's 
environment. The  reason for this is clear: 
The intensity of light arising from a surface is 
a product of both the reflectance of the sur- 
face and the intensity of the light by which 
it is illuminated. The reflectance, which is 
critical for object recognition, is commonly 
dissociable from the intensity of the illumi- 
nating light-a phenomenon von Helm- 
holtz characterized as "eliminating the differ- 
ences of illumination" (8, p. 287). Diffuse 
illumination changes (for example, sunlight 
versus shadow) alter luminance evervwhere 
in the image, but luminance ratios (that is, 
contrast) remain unchanged, mirroring the 
physical constancy of surface reflectance. 
Not surprisingly, surface reflectance gener- 

ally appears constant under these conditions, 
a phenomenon known as "lightness con- 
stancy." By contrast, changes in luminance 
ratios-such as those used by Rossi et a1.- 
are indicative of reflectance changes. These 
are, of course, the conditions that lead to 
brightness induction. 

Considered in this light, it is tempting to 
speculate that the neurons discovered by 
Rossi e t  al. do not merely represent bright- 
ness but may underlie the more behaviorally 
significant quantity of perceived surface re- 
flectance (lightness). As we have seen, re- 
covery of surface reflectance is marked by the 
complementary perceptual phenomena of 
lightness constancy and brightness induction, 
and these are the gold standards by which we 
should judge potential neural substrates. 
Rossi et al, have documented induction. If 
these neurons mediate lightness perception, 
however, we would expect the same cells to 
exhibit an invariant response under condi- 
tions that mimic variations in diffuse illumi- 
nation-that is, when luminance changes 
uniformly, such that contrast remains un- 
changed. Although this test for lightness 
constancy has yet to be performed, Rossi e t  
al, have opened the door to an exciting ex- 
ploration of the ways in which the multiple 

c i ~ l i n e  has focused on neural events that 
encode local characteristics of the retinal 
stimulus. However illuminating this ap- 
proach has been for understanding sensory 
coding, few would argue that the way we 
actually see the world is tied directly to these 
characteristics. O n  the sontrarv, it is the re- , , 
markable constancy of perception in the face 
of ever-changing retinal conditions that is a 
hallmark of visual experience. By adopting 
stimulus configurations that bring about a 
dissociation between local retinal image pro- 
perties and perceptual state-such as those 
that elicit brightness induction-it becomes 
possible to tease apart the neural structures 
and events that give rise to perception. And 
therein lies one of our greatest hopes for un- 
derstanding the substrates of vision. 
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Small Nucleolar RNAs Guide 
Ribosomal RNA Methylation 

David Tollervey 

I n  all organisms, proteins are synthesized by 
ribosomes that share extensive similarities in 
structure and function. These ubiquitous par- 
ticles contain the mature ribosomal RNAs 
(rRNAs), which are excised from a large 
common transcript [the rRNA precursor 
(pre-rRNA)] and undergo extensive cova- 
lent nucleotide modification, together with 
about 80 ribosomal proteins. In eukaryotic 
cells. ribosomes are assembled in a s~ecial-  
ized compartment within the nucleus of the 
cell. the nucleolus. 

Over the past few years, an extraordinar- 
ily large number of small RNA species 
(snoRNAs) have been found to reside in the 
nucleolus. Each human pre-RNA molecule 
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transiently associates with more than 100 
different snoRNA species, but the role of 
each species in ribosome synthesis remained 
largely unknown. Two recent papers (1 ,  2) 
now report that members of a large family of 
snoRNAs act as guides for rRNA methyla- 
tion. For each site of ribose methylation, 
base pairing between the pre-rRNA and a 
specific guide snoRNA targets the site for 
methylation and identifies the nucleotide 
to be modified. 

The snoRNAs are associated with uro- 
teins in small nucleolar ribonucleoprotein 
particles (snoRNPs) (3). Two evolutionarily 
conserved motifs (box C and box D) are 
present in many snoRNAs and are impli- 
cated as protein-binding sites, although the 
proteins that interact with these sequences 
have not been identified. Many snoRNAs 
that contain box C and box D have two 
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unexpected features. First, they are 
not transcribed from their own pro- 
moter and terminator regions but 
are excised by posttranscriptional 
processing from the introns of 
mRNAs, most of which encode 
proteins in their exonic sequences 
(3,4);  these proteins generally par- 
ticipate in ribosome synthesis or 
function and include nucleolar pro- 
teins, ribosomal proteins, and trans- 
lation factors Second, these 
snoRNAs exhibit striking primary 
sequence complementarity to se- 
quences in the mature rRNAs. The 
regions of complementarity are re- 
markably long, and typically .in- 
clude 14 to 17 consecutive base 
pairs. Base-pairing interactions 
form between the snoRNAs and 
the large pre-rRNA molecules. 
They usually involve highly con- 
served regions of the rRNAs that lie 
near the catalytic center of the ribo- 
some, and frequently include sites 
of modification (5, 6). 

All rRNAs undergo extensive 
covalent modification, mainly 

effect on pre-rRNA cleavage (10). 
In the current model, these modi- 
fications confer improvements in 
the efficiency of ribosome assembly 
or function by fine tuning the 
rRNA structure or interaction with 
ribosomal proteins, but in most 
cases the growth advantage con- 
ferred is not detected under labora- 
tory conditions. 

So, is everything about pre- 
rRNA modification and snoRNA 
function now explained? Well, not 
really. No correlation between 
snoRNA binding sites and the loca- 
tions of other rRNA modifica- 
tions-base methylation and pseu- 
douridine formation-has yet been 
found; these sites are presumably 
identified by a different mechanism. 
Furthermore, a large number of other 
snoRNAs exist that lack the ex- 
tended rRNA complementarity of 
the methylation guide snoRNAs. 
Several snoRNPs are required for 
specific pre-rRNA processing steps 
in Xenopus and yeast (3, 11 ), but of 
these, only RNase MRP is known to 

pseudouridine formation, base Interaction between yeast U24 snoRNA and the pre-rRNA (A) play an enzymatic role in cleavage 
methylation, and methylation of The 3' region of yeast U24 (upper strand) can form 14 consecutive (1 2). The roles of other snoRNPs in 
the 2'-hydroxyl position of the ri- base pairs with the 25SrRNA (lower strand), such that a conserved the cleavage reactions is unclear; 

sequence element, box D, is positioned five nucleotides (about one they may present the pre-rRNA to hose (2'-o-methy1ation)' half turn of the RNA helix) from a site of methylation at position 
The human rRNAs contain about C1436, (B) ~~~~~~l of one nucleotide from U24 3 to box D (U24m) the nucleases in the correct confor- 
106 2'-O-methyl groups, but results in displacement of the methylation to U1437 (1). (C) Model mation or target the nucleases to the 
their locations lack any clearly for the U24-rRNA interaction. The duplex region is drawn as an A- cleavage sites (13). It is likely that 
conserved structural motif or form helix (14). The base-paired interaction places box D, and its other snoRNPs function as lLchaper- 
nucleotide sequence context (7). associated protein or proteins, at a defined position with respect to ones,*l aiding the correct folding of 

the site of methylation, allowing the methylase to identify the correct the pre-rRNA and assembly of the The new work shows that 2'-hydroxyl group of the ribose for modification. 
most all snoRNA-rRNA base- large number of ribosomal proteins. 
paired interactions can be de- We can look forward to further sur- 
picted such that a box D-like sequence is containing the box C and box D sequences prises from the complex world of snoRNAs 
at a constant distance of five base pairs and a region of rRNA complementarity ac- over the coming years. 
from a site of 2'-0-methylation (see fig- curately directs modification at a novel site 
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