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THIOFUSION~" 
THE FIRST SYSTEM FOR 
Soluble Protein Expression 
............ IN go coi)io ............. 

The ThioFusionT" Expression System from Invitrogen. Finally there is a way to express soluble 
recombinant protein in E. coli. Now solubilization and refolding of proteins that form inclusion bodies 
are a thing of the past. Recombinant proteins expressed in the ThioFusionT" Expression System are 
soluble, even at high levels. 

The ThioFusionT e E. coli protein 
thioredoxin. Thioredoxin expresses at levels as high as 40% of the total cell protein, localizes at sites in 
the E. coli cell called adhesion zones, and is stable at high temperature. These properties make thiore- 
doxin the ideal fusion partner. The plasmid vector, pTrxFus, the key to the ThioFusionT" System, carries 
the entire thioredoxin gene along with the strong PLpromoter to drive expression. 
In addition, an enterokinase cleavage site, engineered between thioredoxin and the 
protein of interest, 

- The ThioF gfg Osmotic shock releases proteins accumulated at adhesion zones your into fusion the medium. protein. 
Heat treatment denatures most native proteins leaving some thioredoxin fusion proteins 

intact. Both methods are fast and effective. 

The ThioFusionTM Expression System (cat. no. K350-01) is the first and only 
system designed for the expression of soluble recombinant proteins in E. coli. To learn 
more about the next step in E. coli protein expression, contact Invitrogen today! 
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A hippocampal neuron (different colors represent dif- tween pairs of these neurons are represented by the 
ferent neurons) wasactive when arat was located at the red lines. The re-expression of firing patterns may 
position of each cross on the dumbbell-shaped track. contribute to the storage of memories. See Reports on 
During the subsequent sleep period the firing pattern of pages 676 and 679 and News story on page 603. 
these neurons was re-expresed, and correlations be- [Image: M. Wilson and B. McNaughtonl 
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Gentle 

Like the bees and wasps it closely 
resembles, the hover fly efficiently 
carries pollen between a vast variety 
of flowers. But unlike its more 
dangerous counterparts, this harmless 
species neither bites nor stings. 

In the same way, Boehringer 
Mannheim's transfection reagent 
(DOTAP) performs a vital function in 
your lab, efficiently canying DNA, RNA, 
proteins or peptides into a multitude of 
cell lines. Gentle like the hover fly, 
DOTAP does not exhibit the cytotoxicity 
of other liposomemediated techniques 
or the inconvenience of more tradition- 
al transfection methods. 

Avoid the incomrenience of 
serum removal 

DOTAP delivers high-efficiency 
transfections even inthe presence of 
serum. Eliminate the inconvenience of 
removing your cells from serum. Avoid 
a potential risk to your cells. 

Efliciency without qtutoxicity 
Boehringer Mannheim's DOTAP is 

gentle and non-toxic to your cells, 
increasing cell viability and resulting in 
significantly higher transfection 
efficiencies. DOTAP's molecular struc- 
ture includes ester linkages, which are 
easily cleaved by natural cellular 
esterases. Other liposomal reagents 
contain ether linkages that cannot be 
hydrolyzed by the cell, resulting in 
cytotoxicity and decreased cell viability. 

Comparison of transfection efliciencies of d'flerent 
li~osame-mediated reaaenta. COS-1 cells at 60% confluencv 
i e r e  lransfecled for 8 no<s wwl5  5g pSS2CAT DNA In 6 rn of 
m e d m  mnla nmg 10% F ~ t s l  Call Serum . posornal 
transfection reao&tsfrom Boehrinoer Mannheim. Suo~lier A 
and S.ppl er 8 *ere .sedan tne traisfecl on ~f ter48'no~rs of 
st rn.la1 on, me cells were peo  an0 ana yzeo for CAT express on 
rvth the Boenr.noer Mannhenrn nonradnoacrwe CAT EL SA Tne 
CAT express on nd.cares tne efloency of me rransfen on The 
reproornbn nty of res. ts s lnolcateo oy tne orange oars 
IExpernmenr 11 ano go o oars lE@er~ment 21 

Flexible, fast and easy to use 
DOTAP produces highefficiency 

transfections in most cell lines, 
including both adherent and 
suspension cultures. This fact, 
combined with DOTAP's ability to 
perform both stable and transient 
transfections, eliminates the need to 
use multiple techniques. 

For efficient transfections without 
cytotoxicity, try DOTAP transfection 
reagent today! For more information or 
to place your order, contact your 
Boehringer Mannheim representative 
or call us at 1-800-262-1 640 
(514-686-7141 in Canada). 

T R A N S F E C T I O N  r 
C O N V E N I E N C E  
E F F I C I E N C Y  
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edited bv PHIL SZUROMI 

Beneath the ice 
The tectonic history of the Arc- 
tic Ocean Basin has been diffi- 
cult to study because of the ex- 
tensive cover of sea ice. Laxon 
and McAdoo (p. 621) present a 
gravity map of the Arctic Ocean 
derived from satellite altimetry 
of sea ice. The data, essentially 
a view of the distribution of mass 
of the oceanic crust and mantle 
underlying the sea floor, allow 
resolution of active and extinct 
spreading ridges. These features 
can be connected with those of 
adjacent land masses such as 
Alaska. One extinct spreading 
ridge is indicated beneath the 
sediments of the Canada Basin. 

Jovian troposphere 
Infrared observations of Jupiter 
that span 13 years have been 
used by Orton et  d. (p. 625) to 
map variations in the tempera- 
ture of the planet's troposphere, 
a region in which both radia- 
tion and convection influence 
atmospheric dynamics. Season- 
al variations related to Jupiter's 
12-year orbital period are evi- 
dent, but there is also an appar- 
ent quasi-periodic temperature 
oscillation about the equator, 
on a time scale of 2 to 5 years, 
along with individual thermal 
features to the north and south. 
Some of the structures observed 
in the troposphere correlate well 
with known stratospheric fea- 
tures and indicate the presence 
of strong vertical shear flows. 

Stress and impact 
Nanotubes of carbon exhibit a 
wide variety of morphologies- 
they can be straight, twisted, or 
even form tight coils. Amel- 
inckx et d. (p. 635; see the Per- 
spective by Weaver, p. 61 1) pre- 
sent a growth model that ac- 
counts for these differences in 

Encephalitis and autoimmunity 
Rasmussen's encephalitis is a rare childhood disorder that causes 
seizures, dementia, and hemiplegia and that is usually treated by 
removing the affected cortical hemisphere. Glutamate and other 
excitatory amino acids have been implicated in diseases such as 
epilepsy, so Rogers et  d. (p. 648) immunized rabbits with portions 
of the extracellular domain of glutamate receptors (GluRs) to 
generate antibodies. What they found was that rabbits immunized 
with the GluR.3 protein developed seizures and histopathological 
features similar to Rasmussen's encephalitis. A correlation was 
found for the presence of serum antibodies to GluR3 in children 
with this disease. One child treated by plasma exchanges showed a 
temporary decrease in seizure frequency. 

terms of the stresses that build 
up in the growing tube. Al- 
though fullerenes may have only 
been recently produced in the 
lab, their presence is of old. 
Becker et d. (p. 642) have iso- 
lated fullerenes from a carbon- 
rich layer associated with the 
1.85-billion-year-old Sudbury 
impact structure inOntario, and 
Heymann et  d. (p. 645) found 
C60 in soot from a Cretaceous- 
Tertiary boundary layer. 

Symmetric chaperonins 
Protein folding in vivo is often 
assisted by chaperonin proteins. 
The current model for how the 
GroEL and GroES chaperonins 
work is that unfolded proteins 
bind and fold in a hollow formed 
by two seven-unit GroEL rings, 
to which a seven-unit GroES 
"cap" and adenosine triphos- 
phate (ATP) or diphosphate 
(ADP) are bound. Structural 
and kinetic data in three re- 
ports call certain aspects of this 
model into question. Azem et 
d. (p. 653) and Schmidt et d. 
(p. 656) present cross-linking 
and electron microscopy evi- 
dence that a symmetric com- 
plex with two GroESl caps 
("football-like" structures) forms 
in the presence of ATP but not 
ADP and constitutes a fully 
functional chaperonin. The un- 

folded protein apparently binds 
to the outside of this complex 
because the central GroEL1, 
cavity is blocked. Todd et d. (p. 
659) present a kinetic analysis 
and a model for how the com- 
ponents of this heteromeric 
complex coordinate the hy- 
drolysis of ATP; the unfolded 
protein plays a passive role. 

First steps 
During the Devonian about 380 
million years ago or so, it is 
thought that vertebrate tetra- 
pods first evolved and walked 
on land. Daeschler et d. (p. 639) 
describe an early tetrapod shoul- 
der girdle recovered from the 
Upper Devonian rocks in North 
America. The complexity of the 
shoulder girdle implies that ex- 
perimentation with limb design 
occurred early in this evolution- 
ary leap. 

Running gears 
Runners adopt a wide variety of 
styles to get from point A to 
point B ai quickly as possible. 
Carrier et d. (p. 651; see Ran- 
dom Samples, p. 608) present a 
mechanical analysis of the foot 
during running. They find that 
efficiency is optimized by chang- 
ing the gear ratio at which mus- 

cular force generated by the leg 
is transmitted to the foot. The 
gear ratio changes during the 
step as a result of the forward 
movement of the point of con- 
tact of the foot with the ground, 
reaching a maximum at the 
point of lift-off from the toes. 

Turned around 
The interaction of the coat pro- 
tein of the Pfl virus, a filarnen- 
tous phage, with the single- 
strand of DNA that it encapsu- 
lates, produces one of the most 
twisted and extended DNA 
strucmknown. The structural 
model of Liu and Day (p. 671) 

places the phosphates on the 
inside of two opposing DNA 
strands, with the bases directed 
out. Both the DNA and protein 
helices have the same pitch. 

On triplet repeats 
Triplet repeats are sets of three 
nucleotides that are arranged in 
tandem in portions of the ge- 
nome. The cytosine-thymine- 
guanine triplet occurs in myo- 
tonic dystrophy, and the num- 
ber of repeats is correlated with 
severity of the disease and age 
of onset. Wang et d. (p. 669) 
show that, in vitro, nucleosomes 
occur preferentially at the site 
of these repeats as assessed by 
electron microscopy. Nucleo- 
somes are protein-DNA struc- 
tures that can inhibit gene ex- 
pression, suggesting that this 
physical association may under- 
lie the physiological conse- 
quences of these repeats. 
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the Future 
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With a 
Tradition 
of Service. 

What distinguishes a chemical company: First and foremost - service; which is Sigma's approach to supporting 

the future of research. Should technical questions arise, a Sigma specialist is available to assist you with 

the use or application of our 33,000-plus products. In addition - quality; every one of Sigma's products 

is thoroughly assayed in state-of-the-art analytical laboratories using the most demanding analytical criteria. 

Another distinguishing factor is expertise; as in Sigma's family of experts in life science research. 

Sigma's chemists are constantly at work on a wide spectrum of specialty chemicals for targeted 

I -reas of research, adding over 2,000 new products each year. And they're continually refining 

ind improving the products that established Sigma's 

reputation over 50 years ago. 

Service, quality and expertise distinguish Sigma as the leading 

choice of laboratories worldwide. Weigh all the advantages and 

consider Sigma as your single source for research biochemicals 

and organic compounds. 

Where Science and Service Come Together. 

Call collect: 31 4-771 -5750, 
800-325-301 0, 
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OligoPilot fiom Phamadtz 
Biotech offers the reproducibility 
and flexibility required to scale- 
up traditional oligonucleotide 
synthesis. The synthesizer's 
unique flow-through design, in 

c combination with the Pharmacia Biotech solid support, 
. enables a high coupling eficiency to be maintained while 

minimizing reagent consumption. This potentially opens 
the way to economical pilot-scale production of highly 
pure oligonucleotides and their analogs. JJ 

Dr. Tadeusz K. Wyrzykiewicz, Isis Pharmaceuticals Inc., Carlsbad CA, U.S.A 

Leading companies bringing medical applications of 
oligonucleotide technology closer to market already know 
how well OligoPilot" DNA/RNA Synthesizer performs. 
You can read more of what they have to say in the new brochure. 
Ask for your copy today. 

OligoPilot. It's the breakthrough in economic, 
large sale oligonucleotide synthesis. 
And you can quote us on that. 

Pharmacia 
Biotech 
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The 1995 AAAS Annual Meeting & Science Innovation Exposition 

MarkYour Calendar 
Science Innovation is Back! 

We have restructured the Science Innovation (SI) 
meeting to make it more accessible to a wider 
audience of key scientists and create new 
synergies by consolidating it with the AAAS 
Annual Meeting. The most important change 
is that we have postponed the Science 
Innovation meeting originally scheduled for 
July of 1994 in Portland. 

A series of Science Innovation sessions will 
be concentrated on two days of the AAAS 
Annual Meeting, (February 20th and 21st). 
You will enjoy a comprehensive presentation 
of leading edge techniques and instruments 
through an exciting array of symposia and 
workshops. In addition, sessions throughout 
the Annual Meeting will have direct relevance 
and relation to Science Innovation. 

Topics under  development for  SI include: 
COMPUTATIONAL BIOLOGY CELL CYCLE CONTROL 

GENE THERAPY NANOTECHNOLOGY 
THE HUMAN GENOME TISSUE ENGINEERING 

PLANT BIOTECHNOLOGY IMMUNOLOGY APPLICATIONS 

SIGNAL TRANSDUCTION DRUG DESIGN AND DELIVERY 

Special exhibitor workshops will also be  organized as 
part o f  the  SI program. 

Start making plans n o w  to  jo in  us i n  Atlanta for  
this exciting event. This is o n e  scientific meet ing that 
you  won't  want  t o  miss. 

You SHOULD ATTEND! 

FRANCISCO AYALA 
University of California-Irvine 
(1995 Annual Meeting 
Program Chair) 

RITA COLWELL 
University ,of Maryland 
(1996 Annual Meeting Chair) 

RONALD T. GRAHAM 
AT&T Bell Labs 

LAWENCE GROSSMAN 
Johns Hopkins University 

JEROME KAGAN 
Harvard University 

JUDITH KILDOW 
Massachusetts Institute of 
Technology 

ALVIN L. KWIRAM 
University ofwashington 

DONALD A.B. LINDBERG 
National Library of Medicine 

ORIE L. LOUCKS 
Miami University of Ohio 

CORA MARRETT 
National Science Foundation 

ROBERT P. MORGAN 
Washington University 

ROBERT M. NE&M 
Georgia Institute ofTechnology 

GILBERT S. OMENN 
University ofwashington 

SAVIO WOO 
Baylor College of Medicine 
and Howard Hughes Medical 
Institute 

HARRY WOOLF 
Institute ofAdvanced Study 
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