
the safety concerns associated with sparks 
and solvent vapors. A n  area that has 
emerged in the last several years combines 
film casting processability with electro- 
chemical properties to  make coatings of con- 
ducting polymers that are found to limit the 
corrosion of ferrous metals. If these prelimi- 
nary and unexpected laboratory filldings can 
be translated to a viable technology, the po- 
tential market applications are enormous. 

The conductivity, permeability, and elec- 
trochemical activity of conducting polymers 
leads to their use as chemical sensors, and 
their compatibility with other organic mate- 
rials may extenathis usefulness to biological 
sensors. This is an area of extensive current 
research and incipient commercialization 
["electronic noses" (7)] and one where 
Lonergan's work may potentially have the 
greatest impact. His hybrid device, combin- 
ing an organic semiconductor with an elec- 
trochemically dopable polymer, forms a 
Schottky barrier junction whose electrical 
characteristics are exquisitely sensitive to 
the doping level of the polymer and therefore 
to the presence of reactive analyte species in 

contact with it. The cleverly embedded gold 
grid provides a means for controlling the 
baseline dopant level and thus perhaps the 
specificity and sensitivity of response. 

Other applications of conjugated poly- 
mers are in various stages of research or tech- 
nology transfer: nerve replacement for 
muscle stimulation, electroluminescence for 
(very) flat panel displays, and seed layers for 
electroless plating on printed circuit boards. 
There are also examples, like the batteries 
cited earlier, that showed great initial prorn- 
ise but have fallen, at least for the time being, 
by the wayside: nonlinear optics for use in 
fiber-optic switches and routers; photo- 
refractive polymers for optical computing 
and holographic data storage; pn junctions, 
formed by donor and acceptor doping to 
make diode rectifiers; and electrochromic 
displays. The  jury is still out on field-effect 
transistors for use in inexpensive smart cards. 

All these examples illustrate the lesson 
that is to be learned: The successf~ul commer- 
cialization of conjugated polymers has come 
(and pres~unably will continue to come) in 
applications that exploit additional  unique 

properties. The  lesson can be equally well 
applied to any new material. There is n o  
economic advantage to the simple displace- 
ment of an entrenched manufacturing base. 
Rather, it pays to remember: One cannot 
spin-coat a transparent la\~cr of copper from 
aqueous solution onto acres of celluloid film; 
nor can one change the Ferrni level of silicon 
by immersing it in a solution of oxidant. 
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I PROTEIN SYNTHESIS / 

A Ribosome at the End 
of the Tunnel 

Ted Powers and Peter Walter 

I n  all eukarvotic cells, ~ ro te ins  are sorted 
and delivered to final desiinations inside and 
outside the cell. Those that are to be exported 
or inserted into membranes are first directed 
into a network of membrane tubes called the 
endoplasmic ret icul~un (ER). For many 
proteins, this process occurs early, while they 
are being created. In these cases the ribosomes 
together with their growing protein chains 
bind to pores in the ER membrane, forming 
the characteristic studded appearance of the 
rough ER seen under the electron microscope. 
The  major constituent of the ER pore, or 
translocon, is the heterotrimeric Sec6l  
protein complex ( 1 ,  2) .  The challenge at 
hand is to  understand how the ribosome 
binds to the translocon and what happens 
during protein movement through t h e  
translocon and into the ER. O n  page 2 123 in 
this issue. Beckmann e t  al. 13) rise to  this ~, 

challenge by describing the cryo-electron 
microscopic (EM) structure of the toroidal 
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solnes were treated with puromycin, an anti- 
biotic that causes release of nascent ~ r o t e i n  
chains from the ribosome (5). Subsequent 
studies with fluorescence probes incorpo- 
rated into the nascent chain showed directly 
that the translocating chain traverses the 
membrane through an aqueous environment 
(6, 7).  Moreover, the nascent chain was not 
exposed to small ions present in the cyto- 
plasm, indicating that the ribosome forms a 
tight seal with the cytoplaslnic face of the ER 
membrane. Now we know that sornetimes- 
for example, during synthesis of integral 
membrane proteins-the tight seal between 
the ribosome and the membrane may be 

transiently broken to facilitate the 
lateral opening of the translocon. 

0 

: This brief opening would allow 

jj ; transmembrane x g ~ n e n t s  of the pro- 

! ti 1 tein access to the hydrophobic inte- 
rior of the lipid bilayer, as well as 

Twenty-two years ahead of its time. "Hypothet~cal provide entry for internal cytosolic 
model for the formation of a transient tunnel through domains into the cvtosol during 
which the nascent c h a r  would be transferred," as  orgi- in;egration (8f 
naly proposed by Bobe and Dobbersten (4, P .  848). ~ h ~ ~ ,  the ri~osome.trans~ocon in. 
[Reprnted from (4) with permsslon Rockefeller Press] 

terface must be both dynamic and 
tiehtlv regulated 

Sec6l complex bound to the ribosome. 
The idea that an aqueous, protein-con- 

ducting channel exists in the ER membrane 
was one of the original tenets of the signal 
hypothesis proposed in 1975 (see figure) (4) 
and has gained steady experimental support 
in recent years. Electrophysiological st~udies 
demonstrated that large ion-conducting 
channels appeared when ER-attached ribo- 

" 1 "  

In parallel studies, the components of the 
translocation pore have been identified (9). 
The  basic translocon is astonishingly simple, 
composed principally of the heterotrimeric 
Sec61 complex. This complex is highly con- 
served; the Secb la ,  SecGlp, and Sec6lysub- 
units from mammals are related to the yeast 
Sec61, S b h l ,  and Sssl proteins, respectively. 
Moreover, convincing homologs can be 
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found for both Sechla and Sechly in 
Eubacteria as well as in Archaea, pointiAg to 
a mechanism of protein translocation that is 
evolutionarily highly conserved. The Sechl 
complex is required for the translocation of 
all substrate proteins so far tested (10). In 
addition, cross-linking studies have shown 

u 

that Sechla, the largest subunit of the com- 
plex with 10 membrane-spanning domains, 
is in close proximity to nascent chains 
throughout their translocation (1 1 ). The 

u 

complex, isolated either from mammalian 
cells or yeast, can oligonlerize in detergent to 
form a ringlike structure containing three or 
four copies of the cymplex and with an inner 
diameter of -20 A (1 2, 13). Similar struc- 
tures are seen in native membranes, provid- 
ing compelling evidence that the Sechl 
complex is in fact the protein-conducting 
channel seen in the biophysical studies. 

Beckmann e t  al. (3) have now extended 
these observations bv determining the EM 
structure of the heteiotrimeric SeYc6l corn- 
plex bound to the ribosome, using compo- 
nents isolated from yeast. One key to their 
success was the observation that the Sec61 
complex binds in a specific and saturable 
manner to 80s ribosomes in detergent solu- - 
tion, that is, under conditions that main- 
tained the olieornerized state of the Sechl - 
complex. Another key was the use of three- 
dimensional image reconstruction, an ap- 
proach used recently to produce wonderful 
lolv-resolution images of ribosomes from " 

several organisms, including yeast. In 
these images, the Sec6l complex appears as 
a pentagon-shaped toroidal structure (or, 
put more simply, "a misshapen donut"), 
similiar in morphology to what had been 
observed before, with one surface of the 
Sec61 oligomer facing the surface of the 
large ribosomal subunit. The final outcome 
of this EM reconstruction (3) confirms the 
great insightfi~lness of the original model 
proposed in 1975 (4) (see figure). 

Two important aspects of the mechanism 
of cotranslational translocation are sug- 
gested by this study. First, there is a single 
site of attachment between the Sechl com- 
plex and the large ribosomal subunit. 
Therefore, most of >he oligomeric Sechl 
complex lies -15 A from the ribosome. 
Thus, as it stands, this structure cannot ac- 
count for the tight seal between the ribo- 
some and the translocon implied from fluo- 
rescence studies. It could be that additional 
components, either membrane or cytosolic 
in origin, create a "scarflike" seal around this 
gap. Alternatively, as the authors speculate, 
the nascent chain could induce a conforma- 
tional change in the ribosome or the Sec6l " 
complex so that the two structures \vould 
meet and a seal \vould be formed. The notion 
that the degree of attachment might be regu- 
lated by features in the nascent chain itself 

could begin to exnlain the dynamic behavior 
of the riCosome-translocon 'interface, which 
allows access of lipid to the growing chain of 
a transmembrane protein. 

Second, the central pore of the oligo- 
meric Sec6l complex aligns precisely with 
the exit site of a tunnel that rurs through the 

u 

large ribosomal subunit up to the subunit 
interface. Such a tunnel atmears in other re- 

L L 

constructed images of ribosomes, prompting 
speculation that it forms the passageway for 
the nascent chain from its site of polymeriza- 
tion to the surface of the ribosome. Classic 
biochemical analyses showing that ribo- 
somes protect distinct portions of the na- 
scent polypeptide chain from proteolysis 
have seeded this idea (14). Although the 
existence of such a tunnel in the ribosome 
may still be controversial to some, the align- 
ment of this cavity with the central opening 
in the Sechl oligomer is too intriguing to 
discount. 

These new results leave us with an im- 
age in which the translocon forms an ex- - 
tension of the ribosomal tunnel, con- 
nected in series to conduct the nascent 
chain from its site of synthesis to its final 
destination in the ER lumen. Indeed, ribo- 
somes attached to translocon sites protect 
correspondingly larger fragments of na- 
scent chains from proteolysis than ribo- 
somes alone (15). Superimposed onto this 

simple conduit, however, is the likely dy- 
namic behavior of the translocon that al- 
lolvs protein translocatio~l and membrane 
protein integration, while strictly main- 
taining the permeability barrier of the 
membrane to other solutes. Thus, as re- 
markably intuitive as this new picture may 
appear, it is only a new beginning. 
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Control of the Supply Line 
Jeffrey Roberts 

A11 cells undergo orderly duplication, 
harnessing many complex biochenlical 
systems in the process. As it makes a copy of 
itself, the cell monitors its own econolny in 
order to provide new cell components at the 
right rate. How does this happen so reliably? 
Such mechanisms of homeostatic regulation 
of basic cellular components have been very 
elusive. For example, well-characterized 
elements trigger DNA replication, but it is 
unknown how they are modulated to initiate 
replication precisely when the mass of a 
growing cell population reaches a certain 
value. It has also been difficult to discern how 
cells determine their investment in protein- 
making machinery-the ribosomes- 
according to need: When the growth rate 
varies in response to a change in the 
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availability of nutrients, the number of 
ribosomes increases in nrooortion to the 

L L 

growth rate ( I ) ,  implying that the rate of 
ribosome synthesis increases as the square of 
the growth rate. The mechanism of such 
regulation has been a matter of prolonged 
controversy, but an article in this issue on 
page 2092 from the laboratories of R. Gourse 
and C. Turnbough presents a model that will 
crystallize our existing views (2) .  

In his pioneering work, M. Nornura iden- 
tified ribosomal RNA IrRNA) svnthesis as 

, I  

the ultimate site of regulation of ribosome 
synthesis; enough riboso~nal protein is pro- 
duced to meet the cell's need for ribosome 
assembly, in response to the availability of 
rRNA (3). When a critical ribosomal pro- 
tein accumulates in excess, it binds its own 
mRNA and inhibits further translation. This 
regulation entails many pleasing subtleties, 
including a binding site in mRNA for the 
critical regulatory protein that mimics the 
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