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Crop endophyte genome
Several different classes of bac-
teria live in mutualistic relation-
ships with plants to which they 
provide much-needed organic 
nitrogen by directly fixing dini-
trogen (N2) from the atmosphere. 
Reinhold-Hurek and colleagues 
have now sequenced the complete genome of Azoarcus sp. strain BH72, 
a N2-fixing endophytic bacterium that makes a living inside the roots of 
Kallar grass and rice. It colonizes the plant inter- and/or intracellularly and 
can systemically spread into shoots without causing disease symptoms. 
The ~4.3 Mb long genome contains ~4,000 predicted protein-coding 
sequences, many of which are associated with colonization functions, 
including components potentially involved in plant-microbe interac-
tions. Azoarcus sp. strain BH72 is well adapted to the stable, low-stress 
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environment of the plant and therefore contains only a few mobile ele-
ments and lacks toxin and other virulence genes, all of which are hallmarks 
of other plant-related N2-fixing microbes. Analysis of the genomic blue-
print should facilitate applications in which endophytes, such as Azoarcus, 
are exploited to enhance N2 uptake in sugar cane or rice by, for example, 
optimizing strategies to improve the efficiency of colonization and nitro-
gen transfer. [Articles, p. 1385; News and Views, p. 1357] GTO

Silencing plant viruses
Chua and colleagues have harnessed plant microRNAs (miRNAs) to 
serve as the first line of defense against viral 
attacks in plants. RNAs encoding sequences 
complementary to plant viruses have been 
known to very efficiently inhibit viral pro-
liferation in plants through degradation of 
specific viral RNAs via a mechanism involv-
ing short interfering RNAs (siRNAs). The 
authors now engineer miRNA precursors, 
which have advantages such as increased 
specificity and stability due to their reduced 
size over other short RNAs, to contain 
complementary sequences to two plant viruses, Turnip yellow mosaic 
virus (TYMV) and Turnip mosaic virus (TuMV). When thale cress 
(Arabidopsis thaliana) is transformed with precursors of these ‘artificial’ 
miRNAs, they become immune to infection with TYMV and TuMV. 
Given the universality of plant miRNAs, the same approach should be 
amenable to fighting off viral infections in crops or ornamental plants. 
[Articles, p. 1420; News and Views, p. 1358] GTO

Selectively sulfated hirudin
Sulfation of tyrosine is a post-translational modification that affects pro-
tein regulation and activity in many biological processes. Liu and Schultz 
set out to selectively sulfate recombinant hirudin, an anticoagulant from 
leeches (Hirudo medicinalis) that lacks sulfation at tyrosine 63 when 
expressed in bacteria. To achieve this, they evolved a tRNA/aminoacyl-
tRNA synthetase (aaRS) pair that would specifically incorporate sulfo-
tyrosine in response to the amber nonsense codon TAG in Escherichia 
coli. By replacing the original codon by the TAG codon at tyrosine 63 of 
the hirudin sequence and expressing the protein in the presence of the 
tRNA/aaRS pair, the authors obtained sulfohirudin. Gel electrophoresis 
and mass spectrometry indicated that this tRNA/aaRS specifically inserts 
sulfotyrosine during translation at the correct site, without background 
incorporation of unmodified tyrosine. The resultant protein shows an 
affinity for thrombin that is tenfold greater than that of desulfohirudin, 
the unmodified variant currently used in the clinic. Apart from using 
the genetically encoded sulfation system to optimize recombinant thera-
peutics, researchers can introduce sequence-specific sulfotyrosine at any 
residue to facilitate studies aimed at characterizing the function of this 
post-translational modification in the >60 proteins known to contain it 
(as well as the 2,100 proteins predicted to contain it). [Letters, p. 1436; 
News and Views, p. 1361] JWT

Turning ES cells into insulin producers
Recent advances in islet 
transplantation for diabetes therapy 
and a shortage of donor pancreases 
have stimulated research on alternative 
sources of β-cells. Although human 
embryonic stem (ES) cells have 
obvious appeal, turning them into 
β-cells has proved challenging; for 
example, insulin-containing cells may 
arise at low efficiency, produce little 
insulin or be insensitive to glucose. 
Baetge and colleagues sought to 
direct efficient production of β-cells by guiding human ES cells 
through stages similar to those of pancreatic development in 
the embryo—from definitive endoderm to gut-tube endoderm, 
pancreatic endoderm, endocrine precursor cells and, finally, 
endocrine hormone–expressing cells. The cells they generate 
synthesize insulin and the four other pancreatic hormones 
(glucagon, somatostatin, pancreatic polypeptide and ghrelin). 
After ~2 ½ weeks of differentiation, the insulin-producing cells 
represent ~7% of the total population and contain nearly as much 
insulin as primary adult human islets (14–208 pmol/µg DNA 
versus 58–310 pmol/µg DNA, respectively). Unlike adult β-cells, 
however, these cells respond only minimally to glucose, although 
they do secrete the insulin marker C-peptide in response to other 
secretagogues. The authors conclude that the cells are similar to 
fetal β-cells, which do not become glucose responsive until after 
birth, suggesting that further maturation will be necessary to 
generate fully competent adult β-cells. [Articles, p. 1392] KA
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Plastid engineering yields oil rush

Terpenes are the key constituents of many essential oils of medical or 
industrial importance, but often have to be derived from endangered 
plants in threatened habitats. Attempts to engineer alternative sources 
of terpene production through microbial fermentation or chemical syn-
thesis have been thwarted by the high costs of the former and the diffi-
culty of reproducing product chiral complexity using the latter. Previous 
efforts to increase cytosolic or plastidic biosynthesis of terpene isoprenoid 
pathways by enhanced metabolic flux have been frustrated by complex 
homeostatic mechanisms that limit accumulation of the intermediates 
farnesyl diphosphate (for cytosolic sesquiterpene synthesis) or geranyl 
diphosphate (for plastidic monoterpene synthesis). Now Wu et al. show 
that either cytosolic or plastidic co-expression in tobacco of chicken 
farnesyl diphosphate synthase (FPS) with patchoulol synthase increases 
levels of the sesquiterpene fragrance patchoulol. Rather unexpectedly, 
plastidic expression of the two enzymes is far more effective than when 
they are targeted to their normal cytosolic location. Similarly, produc-
tion of amorpha-4,11-diene, the precursor to the antimalarial drug 
artemisinin, could be enhanced >40,000-fold by plastidic targeting of 
the respective enzymes. The approach is also applicable to monoterpene 
synthesis. Plastidic co-expression of a geranyl diphosphate synthase in 
combination with limonene synthase increases limonene accumulation 
approximately tenfold more than expression of the monoterpene syn-
thase alone. [Letters, p. 1441; News and Views, p. 1359] PH

A tight spot for DNA-binding analysis
One problem in using DNA microarray–based approaches to analyze 
the DNA binding preferences of transcription factors is the difficulty of 
designing arrays with maximally compact features/spots that allow com-
plete and systematic characterization of binding specificity in a single 
assay. Bulyk and colleagues now recruit a mathematical principle termed 
a ‘de Bruijn sequence’ to help crack the problem. A de Bruijn sequence of 
order n is a cyclic sequence from a given alphabet A of size k for which 

every possible sub-sequence of length n in A is present exactly once. 
The authors implement this principle to create a double-stranded DNA 
microarray that contains overlapping sequences encompassing all 410 
possible DNA 10-mers in just over 40,000 spots. They then use this chip 
to comprehensively determine the binding preferences of five structur-
ally distinct transcription factors. A sequence design that contains not 
only all contiguous 10-mers but also all 10-mers with a single gapped 
position provides regular sampling of sequence space and enables recon-
struction of motifs longer than 10 bp. By permitting unprecedented and 
complete coverage of potential protein-recognition sites, this maximally 
compact chip expedites unbiased interrogation of the binding prefer-
ences of DNA-binding proteins and could potentially be also adapted 
for RNA-binding proteins. [Letters, p. 1429] PH

Hepatocytes from ES cells
Two papers in this issue describe approaches for differentiating mouse 
embryonic stem (ES) cells towards liver cells. Taking their cues from devel-
opmental biology, Keller and colleagues work out a protocol based on 
activin A, which is involved in endoderm induction, and bone morphoge-
netic protein 4 and fibroblast growth factor, which control differentiation 
of endoderm towards the hepatic lineage. Their approach efficiently pro-
duces immature hepatocytes that can secrete albumin and store glycogen. 
After transplantation into two mouse models of liver deficiency, the cells 
are capable of proliferating in the liver and maturing into cells expressing 
the missing liver enzymes dipeptidyl peptidase IV or fumarylacetoacetate 
hydrolase. Exploring a different approach, Kobayashi, Fox and colleagues 
generate embryoid bodies from ES cells and culture them with human 
nonparenchymal liver cells, activin A, fibroblast growth factor and a vari-
ant of hepatocyte growth factor. The resulting cells secrete albumin, store 
glycogen and metabolize ammonia, lidocaine and diazepam. To study 
cell function in vivo, the authors implant a bioartificial liver device in 
mice with acute liver failure and fill it through an injection port with ES 
cell–derived hepatocytes. Whereas control mice all die within four days, 
90% of treated mice survive. [Articles, p. 1402; p. 1412] KA

Retooling vaccine manufacture
Vaccines have inarguably led to improvements in human health glob-
ally, yet most vaccines in use today were developed with decades-old 
technology. However, new types of vaccines are starting to show up in 
the marketplace, as improvements to vaccine design and manufacturing 
are starting to bear fruit. Ulmer et al. review the types of vaccines and 
the methods used to produce them in use today and describe some new 
approaches that promise better potency and safety, as well as improve-
ments in manufacturing capability. These advances may provide some 
answers to the problem of supplying enough vaccine for a pandemic 
flu or for widespread diseases for which vaccines are still unavailable, 
like HIV and hepatitis C. [Perspective, p. 1377] LD

Patent roundup
•  Public acceptance of biotech is dependent on the level of trust 

in institutional systems of governance for R&D and oversight 
of the industry’s products. Caulfield et al. suggest governance 
structures and mechanisms to help maintain public trust, 
including an independently governed patent pool. 
[Patent Article, p. 1352] MF

•  Last year’s approval of BiDil, the first drug approved by the US 
Food and Drug Administration for a race-specific indication, 
set new precedents in terms of the legal and social context for 
race in medicine. Jonathan Kahn discusses the BiDil patent 
and explains how and why commercial imperatives are changing 
perceptions of the relationship between race and genetics. 
[Patent Article, p. 1349] MF

•  A US federal judge has ruled that part of the intellectual 
property covering ImClone’s Erbitux (cetuximab) belongs to three 
academic scientists in Israel. On September 18, researchers 
at the Weizmann Institute of Science in Rehovot, Israel were 
declared the true inventors of the method for administering a 
targeted monoclonal antibody in conjunction with chemotherapy. 
[News in Brief, p. 1309] SL

•  Recent patent applications in protein expression. 
[New Patents, p. 1355] MF

• Focus on antibacterials
• Genome of an anti-tumor bacterium
•  Prolonged dendritic cell survival enhances tumor 

immunotherapy
• A brighter, more photostable BFP
• Glyco-optimized mAbs from duckweed

Next month in
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