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ment of the flieht time and the deflection of 
the ions enabies their kinetic energy and 
charge state (X@+) to be determined. 

These results confirmed the presence of 
the highly snipped, very energetic ions ob- 
served previously for clusters with about 
2000 atoms (5) and also provided additional 
information on the acceleration mecha- 
nism. In the case of the Coulomb explosion, 
the energy of repulsion is expected to scale 
as the square of the ionic charge, whereas, in 

the case of hydrodynamic explosions, the 
energy is purely thermal and scales linearly 
as the ionic charge and the electron tem- 
perature. The studies by Lezius et al. of argon 
clusters that contained typically lo5 atoms 
indicated that the dominant mechanism 
was Coulombic but that for xenon clusters 
that each contained about 10 times more at- 
oms, lower charge states (q < 6) were Cou- 
lombic but the majority of the higher charge 
states (q > 10) were produced by a hydrody- 
namic expansion. These results for xenon 
ions of up to q = 30 are summarized in the 
figure and show the transition in mecha- 
nism as the ionic charge and the kinetic en- 
ergy increase. However, the most energetic 
ions with energies approaching 1 MeV ap- 
pear to be produced by Coulomb explosion. 

Microbial Control of Oceanic 
Carbon Flux: The Plot Thickens 

Farooq Azam 

Photosynthesis fixes carbon into organic 
matter in the ocean. Biological forces then 
paint intricate flux patterns for carbon in 
ocean space and in time, as it flows through 
the food web, becomes stored in the sedi- 
ments and exchanged with the atmosphere. 
Predicting how these carbon flux patterns 
might respond to global change (or to hu- 
man manipulation) is a primary reason for 
learning more about the workings of the 
ocean's carbon cycle. The flux patterns are a 
result of intricate interactions of a diverse 
biota with a physically and chemically com- 
plex pool of organic matter. It now seems 
that things will get even more complicated 
before they get simpler. New fundamental 
findings on the roles of microbes in the fate 
of organic matter and, recently, on the na- 
ture of the organic matter itself (14) must 
be properly assimilated before we can hope 
to construct ecosystem models to predict 
the patterns of carbon flux. This impetus 
could lead to a powerful new synthesis. 

What biological forces act on photosyn- 
thetically produced organic matter in the 
ocean? Historically, the paradigm has been 
that essentially all primary production stays 
within the particle phase (3, it is eaten by 
herbivores, and the fate of carbon is deter- 
mined by the "grazing food chain" (see the 
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diagram in the figure below). Little dis- 
solved organic matter is s~illed for bacteria " 
to use. It had, therefore, been implicitly as- 
sumed to be safe to ignore bacteria, proto- 
zoa, and viruses in studying the fate of or- 
ganic matter-they were too sparse and not 
active enough (5). This is now changed (5- 
8): Major fluxes of organic matter, often 
eclipsing the grazing food chain in quantity, 
move via dissolved organic matter into bac- 
teria and the "microbial loop" (7, 8) (figure 
below). Previous methods had missed >99% 
of microorganisms and had grossly underes- 
timated their metabolism. Now we know 

By the elegant adaptation of a simple ex- 
perimental technique, Lezius et al. have 
demonstrated the complexity of the pro- 
cesses responsible for the dissociation of 
clusters. Further progress will require more 
detailed theoretical models to be developed 
to elucidate further the physical mecha- 
nisms responsible. 
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from extensive field studies that in most of 
the ocean, organic matter flux into bacteria 
is a major pathway; one-half of oceanic pri- 
mary production on average is channeled 
via bacteria into the microbial loop (7,8)- 
a major biological force in the ocean. 

Ocean basin-scale biogeochemical stud- 
ies now routinely quantify organic matter 
fluxes into bacteria in conjunction with 
other major flux pathways: grazing food 
chain, sinking flux, and dissolved organic 
matter "storage." The fraction of primary 
production used by bacteria (F,) is highly 
variable over various time and space scales 
(7-10). The magnitudes and variability of 
the fluxes are large enough to cause variabil- 
ity in flux partitioning between competing 
pathways (see figure below)-the microbial 
loop, the grazing food chain, sinking fluxes, 
and storage of dissolved organic matter (8, 
9). Fish production in the eastern Mediter- 
ranean was diminished by a dominant mi- 
crobial loop (F, = 0.85) (1 l). In an earlier 
study (IZ), the richness of the fishery in 
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The microbial loop: classical version. Modern view of the pelagic food web, emphasizing the 
microbial loop as a major path for organic matter flux. Competition between the three main flux 
paths--grazing food chain, microbial loop, and sinking-significantly affects oceanic carbon cycle 
and productivity. DOM, dissolved organic matter; DMS, dimethylsulfide. 
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-0astal Newfoundland was ascribed to un- 
coupling of bacteria from primary produc- 
tion during the spring bloom. These are tan- 
talizii but rare success stories where de- 
scriptive studies lead to interesting insights 
into the bacterial control of organic matter 
fluxes and ecosystem dynamics. 

However, we lack a conceptual h e -  
work to predict variation in organic matter 
flux into bacteria and how it fits into the 
ovedl oceanic flux picture (for example, 

may also supp~rt high bacterial diversity. 
An important recent study by Chin et al. (1 ) 
demonstrated that plymew in seawater in- 
deed form a eel. 
Do bacteGa repond to. the structure of 

the organic matter field? Large bacterial 
populatia can develap on -or 
example, marhe @mw, dead and even liv- 
ing algae-and in association with the 
"dark mmer." Dn m e  smdy, -24 to 68% 
of bacteria were on transparent melgs 

gctnic matter. 
1 interacting with and changing or- 
.- 

Bacterial action on components of the 
organic matter field can modify its character 
in varied ways without neced ly  involving 
large organic matter fluxes into bacteria. 
Two examples illuscrate this point. In a 
study of bacterial activity on marine snow 
(IP), the colonizing bacteria grew slowly but 
expressed large amou~e af ectqbydrolases, 
which solubilized partiatlate o w  mat- 

haw the flux partitioning will re- eer; however, k w  of dEe low 
mbon demand of these bacteria, 
mast bydrolysate dtffused out 
(%+ solubili&onn), thus 
raking the sinking flux. Also, 
enzyme acticm was &ought to in- 
crew the efficiency of the oce- 
anic carbon  pump^ protease and 
phosphatase aceivit$es were much 

' higher rhan those of d- and pglu- 
cosidases, and this would cause 
preferential nitrogen and phbs- 
.phate retarion compared with 
carbon in the photic layer where 
it eupports more carbon fixation 

plex nature af h wgdk tns~twr 4 -a. Thm, bacteria influ- 
field (1-4, 13) d 4xikmvW I dxheEsaed&without  
strategies of bacteria (14) h m  ' a sigr&c$nt cdmdemmd. Bac- 
sugges ted(2) tha tkmQm~ , wal inmactim with live dia- 
use d v  d a m &  bkd or-- tom WB &mined in a meso- 
g ~ A & & i h @ ; 3 1 ,  

tack can pdouzdy. &xWy the L 
biogeochernical &vlor sf or- -, -* A bii(:t&a-eye view of berh "me* mkXcus from the . 
ganic matter in wq~'~"tat i d k e d  t b  eupho& I is an cxganicmer continuum, a S h  of thereby am- 
from measuring cumubve ar- gel of tangled pol d strings, sheets, and bundles of trohq diatom sti&ess and in- 
gmic matter f l u x ~  i,n# &&% fibrils and particles, including living organiwns, as "hotspots." Bacteria hibiting -tion, &=& 
~ ~ ~ i ~ i ~  of such a&- @"ad) acting on marine snw (Mack) w algae (green] em control sedi- of &, a 
tion co'uu im- ment&Qn and primary produeti*, diverse mimfches (hotspots) 

can support high bacterial diversity. r n i C r & ~ , ~ ~  
portant new vari&es in bio- the persistence and bmsi~yof id- 
geochemical models. gal blooms, as well as inheace 
Our view of the organic matter in seawa- . (1 3)J Oceanic bacteria (14) e&tbit so- the sinkmg flux, with proha~d *ecological 

ter has changed dramatically. 'The tradi- phistcated'b&vior-swimrning speeds of and biogeochemical impliGartbm Attached 
, tional dichotomy of ptwticdatd +c h u n d d  of mkt~,mters per sewnd, un- bacteria auld also expose the &a to hkgh 

matter versus di;ssolved organic mger is be- usual svimntbg (nm reversals), and chemo- m i d e  cotlcenmim, of mineralized 
ing r e p l d  by the m t  sf an o@ic sensing. The a p i c  matter fidd is domi- nutrients, &us enhmciqg cxa#xm fixation. 
matter continuum (2). Sesed new classes nandy palpneiic and mprapolperic, so most Partial hydroly& a f w ~ ~ p ~ l @ a d m i d e s  
of abundant colloids, submicrometez par- pelagic bacteria havea diverse reperm& of by herial am& d d  pm3buc@: slow-&- 
ticks, and aensparent polymer particles surfaee-bound v e s  (proteasw, ghwsi- gradedisml~ QP&~C m e r ,  e t k g  ki 
have been dkmaed 11,4, 13 ,  This ace- b, lipases, phasphatqses, ndeaiw) to c;arhaa, &&&.barn& acavlty could 
anic "dark snatt&"'es in size from 20 mn cause its h+lp@ (15). Small& varjs- a e d y  & -re s l o ~ w - k p d e  & 
t o h u n d r e d s o f ~ ~ . I t h a s ~ n p m -  r i o n o f t q e c i e s c o n b ~ c a n ~ d y  m l v d ~ c 8 o a ~ - e r ) . T h i ~ ~ ~ I d b e ~ b y  
posed (2,3$ t k  pe&c bacteria experience change the d i s a i b u w  ,d empw wtivi- bacrezta at- a Merent p h e  and tiam (for ex- 
a gel-like polymisic matrix with colloids ties (16). Pelagic bacteria & have ample, hived organic filatertr accumulat- 
and particles embedded as suprapolymeric muttipbic for numimt uptake ing in Antarctic waters durbg summet 
Yliotspors" ($3) (see the lower pai~ of the fig- (1 71, with nanomolar to millim~lar half- couM suppart the f d  web &ring winter). 
we). The intenxtlon of bacteria wij: the saturatian c m m t s ,  suggesting &eir adag These d other e~mPr;es show that the 
organic matter continuum, and their behav- tatiom to life in a patchy envimmenr. ecosystem-level comeqwmes of bacteria- 
ioral response td its heterogeneity, cream C I m s i h  the intimate confact: of &ir orgimk,mme irttmctiam may be pena-. 
microscale features-activity hotspo* "digestive system" with the &c  EX^ sive in wap mt currently be'% q~an&edb 
with distinctive nat;ires and inhemities of gel, W l e  bacteria the "dmswiaP or even xemgpw, in ocean b a s i n 4  
biogeochemical d m t i o s 1 s .  htchiness ming mmachs" U8). They camat amid bicgeocbemid studies. 
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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, sinking, grazing food 
chain, carbon storage, and carlion fixation 
itself. Hon.e\.er, studying such varied influ- 
ences of bacteria o n  organic 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 unif\-ing theme shoulil 
derive from applying robust principles of 
biochemical adaptation in a realistic mi- 
croenviron~nental context. Biogeochemical 
varialiility could then be considered as a 
consequence of adaptive responses to 
(1nicro)environ111e11tal variations. This ap- 
proach should also serve as a framebvork to  
~ ~ n d e r s t a n d  the  maintenance of microliial 
diversity and to make predictions o n  the  
survival of specific bacterial species, includ- 
ing human pathogens such as \?brio cholerne, 
in response to ecosystem perturbations ( 2  1 ) .  
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  stud\- ~nicrobial ecology, 
incluiline consortia1 activities, in  an  ecosvs- 
ten1 context. N e ~ v  techniques allow mul- 
tiple interrogatio~ls-phyloge~~y, metallo- 
lism, gro~vth-at the  individual 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 liaftling human diseases-includ- 
ing myotonic d\-strophy and Huntington's 
disease-are caused 11\- 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 
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most easily understood when the  expansion 
of the  triplet CAG, which encodes the  
amino acid glutainine, occurs within the  
coding frame of a gene and creates a nen7 
protein with a pol\-glutanline tract. Hunt- 
inoton's disease is one exa~nnle  of such an  
expansion and is typical in 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  polyglutamine expands, ho~vever,  it ilis- 
nlnts the ~lrote in  and affects celh~lar func- 
tions, possibly due to the  high charge den- 
sity of the  expandi~lg 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 ~ n e ~ n b r a n e  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~th~n 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  1llRN.A 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 v  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  m\-otonic dvs- 

u 

trophy is a t  least in part a result of disrupted 
activity of a CUG-binding protein induced 
hy the repeats in the  R N A ,  which prevents 
it from doing its normal joh of splicing a cer- 
tain family of penes. , - 

T h e  ne\v proposal is not the  first; various 
nlodels have been readily forthcoming since 
the  first description of these d~seases. None 
has lieen sufficient to explain the  molecular 
etioloey. T h e  es~7ansion most likely 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 chrolnatin 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 abnorlnal gene 
011 the functioning of the  \vhole cell. 

A ~ i o t h e r  D N A  rneclia~lls~ll is possible. 
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