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OMPETENT CELLS 

Solving your protein expression problems 
W h e n  you need to produce recombinant protein, an E. coli allows for a high-level expression of proteins that are difficult to 
expression system is always your first choice because it is fast, simple express in conventional E. coli hosts due to the codon bias of the 
and provides extremely high yields. The only problem is when it gene of interest. 
doesn't work. One common reason for failure is that the ratio of The BL21- CodonPlus-R1L strains can eliminate the need to move 
codons used in the heterologous gene product is different than the the gene of interest into eukaryotic expression systems or perform 
available tRNAs in E. coli. This is called codon bias. tedious site-directed mutagenesis to correct the 
Low or nonexistent protein synthesis, early codon bias. 
termination and misincorporation of amino adds EUmlnate expmsion probkms 
in the expressed protein are common symptoms caused by codon M a s  
of this problem. Protease deficient for high-yield 

To solve this problem, Stratagene has created 
the BL21- CodonPlus"-RIL strains*. These E. coli 
strains contain extra copies of the E. coli argU, 

UsewithallE.colisystem- 
T7, tac or lac promoters 

ileY, and leuW tRNA genes. These particular codons 
are frequently used in other  species, b u t  Simply the best dl$ 

for protein expression1 I infrequently used in E. coli. This modification 
Visit our website at 

www.stratagene.com 
for more details! 
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Just Landed-Effortless, Non-Lytic Insect Cell Expression. 
Asystem for effortless, non-lytic insect cel l  expres- 

sion has just  landed. InsectSelect'" offers you the 

high protein yields of an insect system without the 

need for baculovirus. 

Non-Lytic, Straightforward Expression. The InsectSelectm 

System gives you something baculovirus expression 

systems can't-non-lytic, continuous expression 

of recombinant pioteins. 1nsectSelect'"is a simple, 

straightforward system t h a t  eliminates the need 

for plaque purification and the production 

of a recombinant viral  stock. I n  less 

than three weeks you can express 

r protein i n  your choice of 

sect cel l  line, and continue 

produce it for months. 

European Headquarters: 
Invitrogen BY 
P.O. Box 2312 
9704 CH Groningen 
The Netherlands 
Tel: +31 ( 0 )  50 5299 299 
Fax: +31 ( 0 )  50 5299 281 
Email: tech-se~ce@invitrogen.nl 
www.invitrogen.com 

Non-Stop Expression. The InsectSelect'" System allows 

continuous expression of recombinant proteins, saving 
25 you the time, effort, and expense of reinfecting cells 

each time you want to  express your protein. I n  addition, 
20 

there's no cell lysis and no release of protein-degrading 

proteases which can Lower yields of sensitive proteins. 
15 

A Single Vector Has it All. The single vector i n  the 

InsectSelectr" System has it all-a powerful viral pro- 
10 

moter for high-level expression, the Zeocin" resistance 

gene for rapid production of stable cel l  Lines, and 
5 

a C-terminal fusion tag for efficient purif ication and 

detection of recombinant proteins. 
0 

Daa 1=&1ea- Baculmirus Don't let effortless, non-lytic expression of your protein 
Stable cell Htgh-t~ter 
bne ready vlrur ready 

forexprarton forlnfecttm flutter by. Call Invitrogen today for more information about 

how you can catch the new InsectSelect'" System. 

International Toll Free Numbers: Distributors: United States Headauarters: 
Tel: 00800 5345 5345' Austria 0222 889 18  19 Malaysia 03 736 9198 
Fax: 00800 7890 7890' Australia 1 800 882 555 Poland 058 341 47 26 

^This number operates in all  China 010 6255 3477 Portugal 0 1  453 7085 ?n. 
European countries excluding Hungary 01 280 3728 Singapore 65 2922130 
Finland and Sweden India 91 80 8391453 South Korea 02 3471 6500 1600 Faraday Avenue 

Finland: 
Israel 02 584 1111 Spain 03 450 2601 Carlsbad, California 92008 

Tel: 990800 5345 5345 
I taly 02 38 19  51  Taiwan 886 2 238 10844 Tel: 1-800-955-6288 

Fax: 990800 7890 7890 
Japan 03 5684 1622 Thailand 246 7243 Fax: 760-603-7201 

Sweden: ,From al l  other countries, call 
Email: tech-service@invitmgen.com 

Tel: 009800 5345 5345 our European headquarters at  http://www.invitrogen.com 
Fax: 009800 7890 7890 +31 (0 )  50 5299 299. 
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COVER lmmunological synapse formation. An electron micrograph (EM) 
was merged with a live-cell fluorescence micrograph (FM) to show this 
key event in T cell activation. The immunological synapse is indicated by 
the bull's-eye pattern of adhesion molecules (red) and antigen receptors 
(green) at the interface between a T lymphocyte (-7 pm) (purple) and a 
dendritic cell (dark green). [Images: EM, reprinted by permission of Wiley- 
Liss, a subsidiary of John Wiley & Sons, Inc. 81993 Setum et al., 
Anatomical Record, 235, p. 285; FM, M. L Dustin] 
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In drug discovery, speed is everything. So: what if you could 
complete a whole week's sample screening in a single day? 

LEADseeker programme 
LEADseekerTM homogeneous imaging system is the only ultra- 
high throughput system that gives you a choice of radiometric, 
fluorimetric and luminescent chemistries and the ability to screen 
over 100,000 compounds in a single day. In a library of a million 
compounds, that could mean shortening the screening cycle by 
weeks. And extending your chances of being first to find suitable 
lead compounds. 

With the LEADseeker technology transfer programme, you 
have everything you need to focus on screening and make your 
assay design as simple as possible. We'll also help you to 
develop your own expertise in-house. 

LEADseeker is just one of the technology programmes that we can 
offer to help you discover, develop and deliver the results that 
keep you ahead in the drug discovery race. 

A faster route to success? Find out more about the LEADseeker 
technology transfer programme at www.apbiotech.comllEADseeker 
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LIGHTING THE WAY TO ORGANIC 
OP~ELEC~RONICS 

The use of polymers in electronics and op- 
tics provides benefits of low-cost fabrica- 
tion and flexibility on a variety of sub- 
strate materials. However, integration of 
these fields has been hampered because 
of the inability t o  make polymers that 
have both good semiconducting charac- 
ter and good optical properties. By vary- 
ing the proportion of cationic silica 
nanoparticles in the polymer host t o  
control the bulk refractive index, Ho et 
al. (p. 233; see the Perspective by Barnes 
and Samuel) demonstrated the ability of 
this technique to fabricate high-quality 
mirrors. They then sandwiched a lightly 
doped semiconducting polymer between 
these mirrors to form an all-organic mi- 
crocavity light-emitting diode. 

FAULTY FLUIDS 
The San Andreas Fault System (SAFS) in 
southern California consists of the San 
Andreas Fault, the San Jacinto Fault, and 
the Elsinore Fault, which parallel each oth- 
er from the south to  the north. These 
faults are weak because the maximum 
stresses are oriented at a high angle to 
the trend of the fault planes, making them 
more likely to slip. Hardebeck and Hauks- 
son (p. 236) determined the orientation of 
the maximum horizontal stress along the 
SAFS and concluded that the faults were 
weak at both narrow (about 2 km) and 
wide zones (about 50 km) around the 
fault planes and that these zones were re- 
gions of high strain accumulation. Their 
analysis suggests that the weakness is re- 
lated to fluids trapped in these zones of 
the faults, possibly by the repeated frac- 
turing and healing of the rocks, which 
would reduce the permeability of these 
zones and enhance the strain accumula- 
tion rate beyond what might be expected. 

A GLOBAL VIEW OF OCEAN 
CARBON 

A major process in Earth's carbon cycle is 
the sinking of particulate organic carbon 
(POC) from the surface ocean, some of 
which accumulates on the sea floor and is 
eventually buried. It has been difficult to 
estimate this flux locally and, even more 
so, globally because POC is not simply re- 
lated to the amount of primary carbon 
production. Stramski et a1 (p. 239) now 
show that POC can be estimated by satel- 
lite-based measurement of particulate 
backscattering. They see a large seasonal 
variation in POC in the Southern Ocean; 

such variations may allow an estimation 
of the removal of carbon from the oceans 
on a global scale. 

COMPLEX NONUNEAR W E R  
P A ~ R N S  

The intensity pattern of a laser beam 
may propagate nonlinearly and devel- 
op patterns of high and low intensity 
that vary with time, but producing 
such patterns has been experimental- 
ly  challenging. Scheuer and Orenstein 

p. 230) show that broad-area verti- 
i ty  semiconductor lasers can 

used t o  produce highly complex 
rns containing as many as 19 
beams" (low-intensity. vortices 
ced around singularities in the 

ctromagnetic field) that can be 
r id  simply by changing the injec- 

went into the semiconductor 
These patterns do not repre- 

eams at different infrared fre- 
uencies, but are single-frequency 

des produced by Locking nearly de- 
nerate modes through the nonlin- 

lMMUNOLOGlCAL SYNAPSE 
FORMATION 

T cells and antigen-presenting cells form 
specific contacts, in which T cell antigen 
receptors (TCRs) segregate to the center 
of the contact region and the larger adhe- 
sion molecules form a concentric ring. 
Grakoui et al. (p. 221; see the Perspective 
by Malissen) have developed a system in 
which they can quantify the formation of 
these "immunological synapses" in live 
cells.They have identified a multistep pro- 
cess for immunological synapse formation 
and determined how it affects T cell acti- 
vation. Formation occurred after adhesion 
molecule engagement and initial TCR en- 
gagement outside the adhesion ring. Then 
TCRs migrated to the center of the adhe- 
sion ring. The last stage was the "locking 

in" of the central TCR clusters. The stabili- 
ty  of the central cluster contributed to 
overall stability of the synapse and was 
sensitive to a threshold determined by the 
strength and number of the TCRs that in- 
teracted with peptide class I major histo- 
compatibility proteins. 

CELLUIAR DELIVERY ZONES 
The process by which eukaryotic cells take 
up macromolecules, called endocytosis, 
begins at a specialized region at the plas- 
ma membrane that appears as an invagi- 
nation. This "pit" is coated on its cytoso- 
lic surface by a complex of proteins 
called the clathrin coat. The clathrin- 
coated pit eventually pinches off to be- 
come an intracellular coated vesicle. 
Marsh and McMahon (p. 215) review the 
model that has emerged from recent 
structural analysis of the coat complex, 
which has become much more compli- 
cated than was first envisioned. 

EYE-CATCHING ANGIOGENESIS 
INHIBITOR 

Proper functioning of the mammalian eye 
depends on the exclusion of blood vessels 
from the cornea. Dawson et al. (p. 245) 
show that this exclusion is due, at least in 
part, to  retinal pigment epithelium-de- 
rived factor (PEDF), one of the most po- 
tent angiogenesis inhibitors identified to 
date. These results suggest that PEDF, a 
protein previously shown to have neu- 
rotrophic activity, may have therapeutic 
applications in eye diseases where patho- 
logical angiogenesis compromises vision. 

LATE BUT ~ETHAL 
MEDIATOR 

Endotoxin, a constituent of all Gram- 
negative bacteria, stimulates macro- 
phages to release large quantities of tu- 
mor necrosis factor (TNF) and inter- 
leukin-I (IL-I), which can precipitate 
lethal shock. In experiments w i th  a 
mouse model, Wang et  al. (p. 248) 
showed that high mobil i ty group-I 
(HMG-1) protein, a factor previously 
studied in the context of transcription, 
may be another mediator of endotoxin 
lethality. In contrast to the early media- 
tors TNF and IL-l, HMG-l is released 
from macrophages late after endotoxin 
exposure. Antibodies to HMG-1 attenu- 
ated the lethality of endotoxin in mice. 
Serum levels of HMG-1 were elevated in 
patients with lethal bacterial infections, 
suggesting that the protein may play a 
similar pathogenic role in humans. 

CONllNUED ON PACE 167 
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QUANTITY AND QUALITY 
Changes in the number of sets of chromo- 
somes (ploidy) have been associated with 
processes as diverse as sexual reproduc- 
tion, tumor progression, and evolution of 
species. An unanswered question has 
been whether such changes are merely a 
consequence of other events or whether 
increases or decreases in the total chro- 
mosome number (n) can trigger changes 
in gene expression. Calitski et a1 (p. 251; 
see Perspective by Hieter and Criffiths) 
have constructed strains of the yeast Sac- 
charomyces cerevisiae that vary in chro- 
mosome number from n to 4n. Microarray 
analysis revealed a subset of genes that 
showed ploidy-dependent expression. In 
some cases, the data can be used to ex- 
plain biological phenomena; for example, 
ploidy-dependent repression of cyclins 
may be responsible for the greater cell 
size associated with higher ploidy. 

REACHING OUR GOALS 
Much of the central nervous system is 
devoted to processing sensory input and 
to computing motor~output~ For exam- 
ple, the color, shape, and location of a 
low-hanging apple are decoded in the 
early stages of the visual processing 
pathway in the brain, and the appropri- 
ate spatial and temporal activation of 
muscles that move the arm and hand to- 
ward that apple are controlled by the 
motor cortical region. How is the visual 
information-spatially coded by the reti- 
na in eye-centered coordinates-trans- 
ferred to the motor system, where arm 
movements are thought to be coded in 
limb-centered coordinates? Batista et al. 
(p. 257; see the news story by Barinaga) 
uncover one of the steps in this transfor- 
mation by finding that neurons active 
during the planning stage of the reach 
movement encode the target of the 

reach in eye-centered coordinates. Mak- 
ing plans within the visual coordinate 
frame may occur because we often focus 
on objects of desire (that is, moving our 
eyes toward the target) and we often 
make compensating corrections (that are 
based on visual estimation) during the 
actual reach movement. 

STICKING TOGETHER 
Proper chromosome transmission requires 
the cohesion of replicated chromosomes, 
called sister chromatids. To identify chro- 
mosomal segments required for chro- 
matid cohesion, Megee and Koshland (p. 
254) developed a functional assay using 
yeast circular minichromosomes. They 
found that cohesion is mediated in part 
by a centromeric DNA element that over- 
laps with sequences required for assembly 
of the kinetochore, the protein complex 
that mediates binding of spindle micro- 
tubules. Application of the assay to kine- 
tochore protein mutants will allow direct 
assessment of the roles these proteins 
might play in cohesion. 

NATURAL SUNBLOCK 
Xeroderma pigmentosum (XP) patients 
are hypersensitive to sunlight and devel- 
op skin cancer at a high frequency. Most 
XP patients harbor mutations that lead 
to defects in nucleotide excision repair 
of ultraviolet-damaged DNA; however, 
about 25% (the variant form of XP; XP- 
V) have normal nucleotide excision re- 
pair function. Johnson et al. (p. 263; see 
the Perspective by Cleaver) identify the 
gene responsible for XP-V as the human 
homolog of yeast RAD30, which encodes 
a DNA polymerase involved in error-free 
replication of ultraviolet-damaged DNA. 
This finding suggests that normal human 
RAD30 function is important in minimiz- 
ing the incidence of skin cancer. 

TECHNICAL COMMENT SUMMARIES 

STAT Genes Found in 
C. elegans 

The full text of these comments can be seen et 
www.sciencemag.org/cgilcontent/fulV28515425M67a 

C. Ruvkun and 0. Hobert (Review, 11 Dec., p. 2033) surveyed the genome sequence of 
Caenorhabditis elegans for transcription factor and signaling gene families that have 
been shown to regulate development in a variety of species. One finding was that "only 
a very distant partial STAT gene [is] present in C. elegans." 

X. Liu et al. comment that their search of the database found STAT-like sequences 
in C. elegans, which they designate as ce-stat-a and c-stat-b. They provide a figure 
showing functional domain sequences of the former. 

In response, Ruvkun and Hobert state that "Liu et al. are correct in amending one 
point (among 589 such points)" in the analysis in the Review. They state, "We would ex- 
pect that pehaps one or two more missing genes will emerge when the genome se- 
quence is complete." 
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At US$50,000, the GenePix 4000 offers 
unmatched value. And that price includes 
three copies o f  superbly powerful GenePix 
analysis software and unlimited Ph.D.-level 
telephone technical support. 

Tremendous performance 
The GenePix 4000 uniquely scans two wave- 
lengths in one pass, providing speed and ratio 
calculations during image aquisition. Even if 
you choose to scan the entire surface o f  a 
standard microscope slide, it would take less *Axon Insfr~ments, I ~ c .  
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This is something 
you've got to see 
The GenePix 4000 Microarray Scanner is 
now in production and shipping. To find 
out more about GenePix and our distribu- 
tors call +1-650-571-9400, or visit our 
web site at  www.axon.com. 

GenePix is a trademark of Axon Instruments. Inc. @ 1999. Axon Instruments, Inc, 
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&, 1 BIOTECH Price is valid for oligos ordered in 0,Olpmol synthesis scale (Length <30mer) + tax + delivety 
Guaranteed amount: 3 O D  Offer valid from 01.07.99 to 31.08.99. 
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