
Thus, liellavioral and metal~olic re- 
sponses of bacteria to  the  complex and het- 
erogeneous structure of the  organic matter 
field a t  the rnicroscale influence ocean ba- 
sin-scale carhon fluxes in  all major path- 
ways lnicrohial loop, s ink~ng ,  grazing food 
chain, carbon storage, and carlion fixation 
itself. Hon.e\.er, studying such varied influ- 
ences of bacteria o n  organlc matter, and 
their spatial-te~nporal variations, in  piece- 
~ n e a l  fashion bvill only result in  a conceptual 
patch\%-ork without a unifying framework or 
predictive poLver. A unifying theme shoulil 
derive from applying robust principles of 
biochemical adaptation in a realist~c mi- 
croenviron~nental context. Biogeochemical 
var~aliility could then be cons~dered as a 
consequence of adaptive responses to 
(1nicro)environ111e11tal variations. This ap- 
proach should also serve as a frame\vork to  
~ ~ n d e r s t a n d  the  maintenance of microliial 
divers~ty and to make predictions o n  the  
survival of specific bacterial species, includ- 
ing human pathogens such as 171brio cholerne, 
in response to ecosystem perturbations (21 ). 
This frame~vork, n.hich includes bacteria-al- 
gae interactions, should also be relevant to 
the  prediction of algal hlooms, including 

toxigenic species. Pon~erful nen. approaches 
are enahling us to  study ~nicrobial ecology, 
~ncluiline consortia1 activities, in  an  ecosvs- 
ten1 context. N e ~ v  techniques allow mul- 
tiple interrogatio~ls-phyloge11\7, metallo- 
lism, gro~vth-at the  ~ n d i v ~ d u a l  cell level. 
These ideas and approaches shoulil lead to  a 
synthesis of bacterial a d a ~ t a t i o n ,  e\,olution, 
ecology, anil biogeochemistry, ancl should 
form a basis for integrating the  roles of bac- 
teria in predictive biogeochemical models. 
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Triplet-Repeat Transcripts: 
A Role for RNA in Disease 

Robert H. Singer 

A set of liaftl~ng human d~seases-includ- 
ing myotonic dystrophy and H~lntington's 
disease-are caused 1.y expansion of a re- 
peated sequence of three nucleotiiles nrithin 
almost a dozen genes identified to  Ja te  ( 1 ) .  
W i t h  each generation, these repeats are rep- 
licated and the  sequence gets longer, even- 
tually conlprom~sing the function of the 
gene. T h e  effect is dominant-only one of 
the t ~ o  alleles of the gene need lie expanded 
to result in  the full pathology. Furthermore, 
the severity of the disease can be propor- 
tional to the length of the repeat expansion. 

Unlike most genetic diseases, which are 
a result of a mutation that Impairs or elimi- 
nates a gene product, the  triplet-repeat dis- 
eases are likely caused by a "gain of func- 
tion," in  which a nelv f ~ ~ ~ l c t i o n  arises from 
the  genetic defect. T h e  new func t~on  1s 

The author IS n the Departlnent of Anatotry and Strldc- 
tura Boogy  and Cell Biology, Insttldte for 1:4oecuar 
kdedcne. Albert Ensten College of PLledcne Bronx 
NY 10461 USA E - r a  rhs~nger@aecom y l ~  edld 

most easily understood when the  expansion 
of the  triplet CAG, which encodes the  
amino acid glutainine, occurs within the  
coding franle of a gene and creates a nen7 
protein with a polyglutamine tract. Hunt- 
inoton's disease is one examnle of such an  
expansion and is typical 111 that it exhihits a 
central nervous system pathology, as do all 
the  p o l y g l ~ ~ t a ~ n i n e  d~seases. Normal indi- 
viduals call n-ithstand a f e ~ v  repeats of 
glutamine a t  this position 111 t h e ~ r  genes. As 
the  polyglutainine expands, ho~vever,  it ilis- 
nlnts the vrotein and affects celh~lar func- 
tions, possibly due to the  high charge den- 
sity of the  expanding repeat. T h e  new, gain- 
of-function protein can wreak havoc 011 cel- 
lular processes such as nuclear export, RNA 
and D N A  hindino, or membrane t r a n s ~ o r t .  

Expa~ls io~ls  of these triplet repeats can 
also occur outside the  coding reglon, but in  
these instances nelv proteins are not pro- 
duced. LYi~thln this group of disorders, 
myotonic dystrophy is a particular curiosity. 
In  this disease, the expansloll occurs in the  

~ ~ n t r a n s l a t e ~ l  region of the transcript, after 
nrote i~l  codine has occurred, and can ill- - 
crease the  nlRNA hy 6 kilobases or more. As 
this expa~ l s io~ l  gets progressively larger in  
one of the  alleles, the  resulting pathology of 
the  disease becomes ~ ~ r o ~ ~ o r t i o ~ ~ a t e l \ -  more 

L .  

severe. This behavior begs for a new moclel 
of molecular cytopathology. Such a model is 
provided bv Ph i l i~x .  Timchenko. and Coo- 
per 011 page 737 of this issue. They propose 
that the  gain of f ~ ~ n c t i o n  in  mvotonic dvs- 

u 

trophy 1s a t  least in part a result of disrupted 
activity of a CUG-binding protein iniluced 
hy the repeats in the  R N A ,  which prevents 
it from doing its ~ lo rmal  joh of splicing a cer- 
tain familv of penes. , - 

T h e  ne\v proposal is not the  first; various 
nloclels have been readily forthcoming since 
the  first descriptio~l of these d~seases. None 
has lieen sufficient to explain the  molecular 
etioloev. T h e  es~7ansion nlost likelv occurs -, 

initially in the  germ cells or early emhryos, 
\\,here the  D N A  polymerase may "stutter" 
o n  the  repeats and, in doing so, expand 
them. Some models rely on DNA-based 
mechanisms to explain the  pathology of 
these diseases-changes in chromatin orga- 
nization because of n~~c leosome  ~ ~ o s ~ t i o n ~ n e .  

u 

stalling of the R N A  polymerase, or suppres- 
s1o11 of other genes nearly.  But these models 
cannot exnlain the trans-dominant effect of 
the  allele, the  effect of one abnorinal gene 
011 the functioning of the  \vhole cell. 

A ~ i o t h e r  D N A  meclia~llslll is possible. 
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The disrupted expression of one allele could Turo patients with myotonic dystrophy known whether RNA-binding pro-' 
' result in haplo-insufficiency of the protein were analyzed, one with cmgehital disease teins may be implicated in this or other 
'.'(not enough protein is produced because in and the other homozygous for the expan- triplet-repeat d i m .  
effect there is only a haploid dose of the sion. Cells from both patients contained in- All of this suggests that samething is g 
gene); in the case of myotonic dystrophy the creased amounts of an aberrant transcript of ing on in the nucleus of cells from these pa 
protein k b e  (DMPK) synthesized from cardiac troponinT (cTNT) that iwppropri- tients with myotonic dystrophy. Possibly 
the remaining allele would be present in the ately included exon 5, normally spliced this nuclear CUG-BP may be titrated out b 3 
cell in half the normal amount. It is diffi- out during e m b r y w .  A constitutively the excess nuclear CUOs of the expansion, 

resulting in defective regulation of those 
geireg that depend an the CUG-BP for their 
proper prming .  Yet, because increased 

,' W - B P  is associated with the disease, it is 
i&&dt to reconciie this mechanism with a 

. itmasdominant model in which tepeat 
d- bngh is conelated with disease severity. 
;The CUG-binding protein accumulates in 
the nucleus of affected cells from patients 
.48), and this may be cmelated in some as 
: &own way with the repeat expan- 

skim. Additional modifications to the CUG- 
: BP, or its isoforms, such as phosphorylation 

m y  interfere with its intrinsic splicing ac- 
t5vity. The CUG-BP is present in most cells. 

' d the organism, n~onsistent with the 
. ~ r s l ~ m i c  nature of the disease-both 

-uscular pathology a d  myocardi- 
.. m y  are well described in this disease. 

gene accumulate in the nucleus d both cul- The d t s  @tcr that exons that oontain 
tured cells and bkopsid tisgues fEOm patients mmmm C U G - w t  motif required 
with myotonic dystrophy (see dw m e )  ' hr spkbg would be present in genes ex- 
(3). In tk nudeus, rhese m r S p t s  amnot p p d , i n  nervous tissue as well. 
make the appropriae ~ ~ i c  p-ozeh Stikl mezphined is how the mechanism 
and therefore their&ecpemtion results in a may relate to d W  pathology and wheth- 
haplo-idciency. But in addition) these et it is a cause or an effect. Although there 
repeat expansions codd alao cause a new is nuclear build-up of CUG repeat tran- 
problem: They can build up within rhe scripts, the CUG-BP should colocalize 
nucleus, possibly to t ~ x k  tevels, exerting a: these fwi of transcript aggregation 
trans-dominant effect on @llwlar p o e m s  " .($)-which might be expected of a CUG- 
Their influence would be pmticrptarly acute binding protein. Intranuclekr inclusions of 
in differentiated cells, such as amsc1ti mad - protein, however, are found in brain neu- 
nerve, which not only expew big& keels d fans of patients with Huntington's disease 

, this transcript, but which no longer divide gttrclt BP f ~ b  hu In h y b k m b n  m and in a transgenic animal model of the 
and cannot therefore of this m u -  musctsr cells derkd from a patient with same disease, also caused by a w e d  

. mulated RNA during the breddown af the myO%c CtrStrophy reveals aggregates of a ki- polygJutamate tract (9). A common feature 
. nucleus during mitosis. If the toxicity r d t s  nucbBde Weat in the nuc'euS. See (3* 5) for of triplet-repeat diseases may be protein or 
,hm the bUPden of these excw defails. [Photo: K. 1. 'Taneial protein-RNA complexes in the nucleus. All 
peats, the correlation h e e n  disease sever- af these amsiderations solidify &e &-of- 
ity and repeat length is easy to &am- spliced minigene containing a genomic fkg- function model, but still leave room for 
more CUG repeats cause a more severe ment containing exon 5 of the human car- many more questions.to be anmered. 
gain-of-function phenotype. diac TNT was transfected into normal or 

But how mlght the repeats result in a DM primary muscle cells. Transcripts con- FMemmm 
gain of function? One hypothesis proposes Mi exon 5 were increased in DM cells 
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