
P E R S P E C T I V E S :  N E U R O S C I E N C E  er, improvement was apparent after as lit- 
tle as 1 hour of cumulative visual exposure 

Switching On the 1 nfa nt Brain (for some infants this meant several hours 
during which short waking periods were 

t is hard to tell whether a baby can see 
or hear properly. The usual tests do not 
work well because of babies' limited 

attention span and their inability to com- 
prehend the cognitive aspects of a behav- 

ioral test. Yet, espe- 
meed online at cially in infants with 
~ e n c e m a g . o r g / c g i l  sensory or motor 
amtent/fulV286/5437/59 disabilities, it is es- 

sential to reliably 
measure their abilities, so that remedial 
measures can be implemented without de- 
lay. The report by Maurer and her col- 
leagues on page 108 of this issue (I) 
demonstrates that in infants born with an 
opaque lens (cataract) in one or both 
eyes--which usually leads to blindness- 
even a very brief period of visual expo- 
sure sets the stage for rapid development 
of the visual system. 

The visual world of the newborn human 
infant is unbelievably poor. The visual field 
consists of a narrow tunnel around the line 
of vision, and the ability to resolve visual de- 
tails is roughly 40 times poorer than that of 
adult humans. What is more, newborns have 
no means to appreciate depth, and their eyes 
move in an uncoodhated manner. 

Within weeks, newborn vision im- 
proves dramatically, and by 4 months of 
age, the ability to appreciate stereoscopic 
depth emerges. The field of view expands 
progressively, becoming equivalent to that 
in adults by the end of the first year of 
life. Visual acuity of the newborn im- 
proves steadily, changing rapidly during 
the first 6 months of life, and then more 
slowly thereafter. The ability to fix, follow, 
and focus on objects of interest improves 
daily from birth. Around a baby's first 
birthday, its visual world differs only 
slightly from that of a normal adult (2,3). 

In rare cases, the amazing process of 
visual development fails. About 1 in 
10,000 newborns first see the world 
through partially or completely clouded 
lenses (congenital cataracts). In this seri- 
ous condition, vision never develops nor- 
mally. If both eyes are affected, the child 
will grow up with a brain that cannot han- 
dle any visual images (binocular visual de- 
privation). If the affected lenses are not re- : moved at once, the child's visual acuity, 

8 field of vision, and ability to use both eyes 
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will remain at the level of a healthy new- 
born. But far more dramatic is the situa- 
tion in which a child is born with a 
cataract in only one eye. In this child, vi- 
sion in the affected eye is prevented from 
developing through active suppression by. 
the nonaffected eye. Clearly, the two eyes 
compete for a glimpse of the outer world. 
If left untreated, vision in the affected eye, 
and the ability to use both eyes for binocu- 
lar vision, will be permanently lost. 

It is not actually the eye that suffers, but 
the brain. Lack of proper visual exposure 
prevents the developing human brain from 
establishing the exquisite, bewilderingly 
complex network of connections that form 
the basis of our ability to receive and inter- 
pret light reflected by the objects around us 

inteGpted by naps). Preventing vision in 
the treated eye by covering it with a patch 
did not result in any improvement. 

It appears that lack of visual exposure 
maintains the visual cortex of infants at 
the newborn level. But, even a 1-hour ex- 
posure to the visual world sets the stage 
for rapid visual improvement. In these ear- 
ly stages, it makes no difference whether 
deprivation was monocular or binocular. 
In both cases, the lack of previous visual 
experience is what counts. Only at later 
stages does unfair competition between 
the healthy and affected eye result in addi- 
tional effects. 

The results of this careful study parallel 
recent findings in kittens. Here too, lack of 
visual input by artificial visual deprivation 
maintains the brain structures at a rudimen- 
tary state, characterized by diffuse connec- 

pers;aded 28 human infants Seeing is believing. An example of a visual acuity test on a 
treated for congenital cataracts human infant. The infant faces a card that displays a patch 
in one or both eyes (and their of black-and-white vertical stripes, embedded in a gray sur- 
mothers) to participate in a psy- round of matched average luminance. An observer--naive 
chophysical test designed to to the side of presentation of the pattern--watches the re- 

measure the visual acu- action of the infant through a small peephole in the center 
of the card. The highest spatial frequency that the infant is 

ify (see the figure). test cap  deemed to see is taken as a measure of visual acuity. italizes on the innate tendency of 
young human subjects to orient 
toward objects that contain more pattern tions and a lower level of activity. Onset of 
than their surroundings-for example, a visual stimulation triggers an abrupt recov- 
black-and-white striped patch on a gray ery in the kittens, which appears to be driv- 
background of identical mean luminance. en exclusively by neural activity (8,9). 
Watching the infants' responses to stripes How applicable are these findings to 
of increasing density (increasing spatial the plasticity of other sensory modalities? 
frequency) gives the researchers the oppor- Does a sudden onset of, say, acoustic stim- 
tunity to estimate their visual acuity (6, 7). ulation after a period of silence in a con- 

Using this test, Maurer and colleagues genitally deaf child serve as a signal for 
found that, within a few minutes after ex- rapid development of the brain structures 
posure to the patterns, visual acuity was concerned with the analysis of sound? In- 
no better than that of normal newborns. As deed, this is what happens: Congenitally 
expected, acuity improved significantly deaf children in whom acoustic stimula- 
over the next month. Remarkably, howev- tion is provided by cochlear implants show 
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a dralnatic recovery, leading to nearly per- 
fect acoustic cornrnunication and language 
competence. The neural basis of this irn- 
pro\-einent n-as reported several \veel<s ago 
in Scirizce (10)  by Klinke and his col- 
leagues. They fitted congenitally deaf kit- 
tens \vith cochlear implants, n-hich con- 
\-eyed acoustic stiinulation directly to the 
brain, circumventing the damaged sensory 
hair cells of the inner ear. These previously 
acoustically deprived kittens showed dra- 
~ n a t i c  in~orovements: Field uotentials of 
higher ainplitudes \!,ere produced during 
cortical activity. the actnated area of the 
auditory cortex expanded, and long-laten- 
cy neural responses (indicative of intracor- 
tical infornlation processing) developed 

and showed inore synaptic efficacy than 
they did in nai've. unstinlulated deaf cats. 
A similar recruitment of the auditory cor- 
tex might forin the basis of hearing acqui- 
sition in prelingual!y deaf infants after 
cocl~lear  implantation. It is quite likely 
that a siinilar "awakening" of the visual 
cortex takes place in congenitally blind in- 
fants nen-ly exposed to visual information 
after cataract removal and the fitting of an 
artificial lens. 

The  hlaurer study denlollstrates the 
arnazing plasticity of the youllg human 
brain, and underscores the importance of 
complete, balanced early sensory input for 
guiding subsequent brain development. It al- 
so sho\vs how a simple psychophysical test 

can be used as a po\verfill tool for early diag- 
nosis and for lnonitoiing subsequent therapy 
for a rare, but devastating, human ailment. 

References and Notes 
1. D. Maurer, T. L Lewis, H. P Brent, A. V. Levin, Science 

286, 108 (1999). 
2. D. Y. Teller, Invest. Ophthalmol Visual Sci. 38, 2183 

(19971. 
\ ,  

3. C. Mohn and J. van Hof-van Duin, Clin. Vision Sci 1 ,  
51 (1986). 

4. T. N Wiesel and D H. Hubel, 1. Neurophysiol. 2 6 ,  , . 
1003 (1963). 

5. C. K, von Noorden, invest. Ophthalmol. Visual Sci. 
26,  1704 (1985). 

6. D Y. Teller M. A. McDonald. K. Preston. 8. L. Sebris V. 
Dobson, dev  Med Child ~ e u r o l .  28,  779 (1986). 

7. F.Vital-Durand, Strabismus4, 89 (1996). 
8 C. 5. Schatz, Proc Natl. Acad. Sci. U.S.A. 93,602 (1996). 
9 D Mitchell and C Cingras, Curr. Biol. 8 ,  1179, R897 

(1998) 
10. R. Kl~nke etal . ,  Science285, 1729 (1999). 

Chemical Diversity in 
RNA Cleavage 

Eric Westhof 

R 
lbozyllles ale RNA nlolecules that yet undiscoxeied blologlcal enzyrnatlc ac- 
possess a catalq-tlc actn ~ t y  and thus, tn ltles effected by R h A  molecules 
beha\ e as e n q  rnes Those that occul The inecl~anism for RNA self-cleax age 

i11 nature can catalyze the forination of a entails activating a specific ribose 2'-hy- 
phosphodiester bond between t\vo nu-  droxyl group for attacking the adjacent 
cleotides or can break that bond. The ri- phosphodiester bond ( 7 ) .  Such a nucle- 
bozylnes froill plant pathogens or the 11u- ophilic reaction demands an increase in 
inan hepatitis delta virus (HDV) are self- negative charge on the attacking oxygen 
cleaving RNAs that undergo an intramolec- atoll1 and an illcrease in positive charge 011 

ular reaction (called trallsesterification). the phosphorus atom to be attacked. This 
leading to 5'-hydroxyl group and 2',3'- is the reason  n-hy R N A  is randornly 
cyclic phosphate products. The self-cleav- cleal-ed and degraded into its constituent 
ing reactions are necessary for replication nucleotides at basic pHs: Hydroxide ions 
of the single-stranded mA genolne of 1-iral abstract the proton from the ribose 2'-hy- 
pathogens (1). Despite the similarities in droxyl group. whereas protons are trans- 
products, the three-dimensional architec- ferred to the departing 5'-group. This cat- 
tures of the characterized self-cleaving ri- alytic mechanism is called specific acid- 
b o q m e s  (2, 3) do not appear to be similar. base catalysis. 111 the protein unil-erse. the 
The distinct dependence of cleal-age effi- ribollucleases cleal-e RNAs using amino 
ciency on the presence of metal ions or 0th- acids such as histidine. which carries an 
er organic inolecules (4,  5) suggests that inlidazole side chain that has a nitrogen 
there is also chenlical diversity in the mech- atom \vith a pK, around 6 (lvl~ere I(, is the 
anislns of cleavage. Nolv. a report on page acid constant). During acid-base catalysis. 
123 of this issue by Perrotta et 01. (6) pre- the nitrogen of a histidine attacks the ri- 
sents clear evidence for a unique catalytic bose hydroxyl, whereas another histidine 
cleavage pathway in the HDV ribozyme. gives off a proton to the departing 5'-hy- 
They show that this i iboqnle  is capable of droxyl group (see the figure). Acid-base 
a process called base catalysis during self- catalysis is most efficient n-hen the cata- 
cleavage. This discovery sheds new light lysts ha\-e pIC~,'s around 7 (a  pK,, sinlilar to 
not only on the mechanisms of RhTA cataly- that of the irnidazole ring) ( 7). Ho\vever, 
sis, but also on the cl~einical evolution of llucleic acids do  not possess che~nica l  
RNA in a hypothetical prebiotic RNA groups that can be io~lized around neutral 
lvorld. Possibly. it could also lead to other pH. The best candidates are the ring nitro- 

gens N1 of adenine (A) or N3 of cvtosine 

The author is a t  the  lnst i tut  de Biologie Moleculaire 
Fc) (\vith pK:, values bf 3.9 and 4.5, re- 
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strasbg.fr require ~ne ta l  ions for folding and stabi- 

lization. and rnetal ions can be a good 
source of hydroxide ions at neutral pH. 
Ribozymes ha\-e therefore been consid- 
ered as nletalloellzyines that use inetal ion 
catalysis, with the rnagllesiunl ion (which 
has strong affinity for phosphate oxygens) 
being the lnost coininon catalytic rnetal 
ion ( 8 ) .  It is this latter consensus that Per- 
rotta and co-workers (6) nolv fracture. 

Indeed, follon-ing hints from clystallog- 
raphy ( 3 ) ,  they corn-incingly suggest that in 
the HDV ribozyme, a C residue acts as a 
general base catalyst. Although previously 
debated ( j ) ,  this extension of the repertoire 
of catalytic mechanisms that are open to 
RNA brings forth anelv the amazingly effi- 
cient parsimony of biological el-olution, 
n-hich takes ad\-antage of every physico- 
chenlical characteristic of the four natural 
nucleic acid bases. Furthermore, this obser- 
vation also points to a nleaningful function- 
al partit ion o f  the four bases into t\vo 
groups: the a~nino bases, A and C, lvhich 
could sustain general base catalysis, and 
the lteto bases, guanine (G) and uracil (U). 
n-hich could not because they carry an irni- 
no proton on the pyriinidine ring. But RNA 
functions fore~nost for inaintenance and ex- 
change of genetic infor~natioll and  there- 
fore, a certain degree of chemical lethargy 
is a valuable asset. In this respect it is 
lvorth noting that. during the editing of 
RNA, the modifications occur essentially 
froin anlino to keto bases, C to U or A to 
inosine (I), a keto purine (9). 

For their demonstration, Perrotta and 
colleagues (6) introduce a method that is 
sure to become popular in the RNA field. 
It has long been kriolvn that cytidine C75 
of the geno~nic HDV ribozyrne (an infec- 
tious RNA) is essential for catalysis (10). 
In  the a n t i g e n o ~ n i c  HDV ribozyme,  a 
replicati\-e intermediate. the equivalent cy- 
tosine (C76) could be mutated into A lvith 
a loss in catalytic efficiency of three or- 
ders of magnitude. But it could not be 
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