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An Enlightening Structure-

Mutation and structural data elucidate distinct
mechanisms by which different antibodies bind

Function Relationship

Bruce A. Armitageand Peter B. Bergét

all-molecule cofac-
ors are widely used in
iological systems to

augment or alter the function
of a biomolecular partner.
For example, cofactors par-
ticipate in electron-transfer
reactions catalyzed by redo»
enzymes. In 2000, Simeono\
et al. inverted this paradigm,
reporting a system in which
proteins (specifically, mono-
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antibody fold. For this amino
acid to form an exciplex with
the stilbene, the interface be-
tween the two domains must
rearrange. This interdomain
distortion generates a surface
depression that creates a por-
tal to the deep binding pocket
[see figure 2B inJ)].

The crystal structures of
the green and purple anti-
body-stilbene complexes,
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clonal antibodies) acted as
cofactors for activating the
fluorescence of a small mole-

cule (asrans-stibene deriva- Structure and functionThe same fluorogeni i i '8¥dr
. . ] genic dye molecule is bound by two antibod{es i -
tive) (7). The r_esultlng COM- yifferent ways, leading to different emission mechanisms and ef)ldrise EP2-25C1 m Shallower' Ther? IS no
plexes have since been useghiinody binds the dye in a shallow pocket, and purple fluorescence is enhanced BRAAGIAREO! the Y/V inter-
to make fluorescent bio-conformational constrainRight) The EP2-19G2 antibody binds the dye in a much d@&gseand no surface depres-
sensors for various analytespocket that allowsstacking with a tryptophan residue. An exciplex is formed after ex&i@fiod, portal to the stilbene-
On page 1232 of this issueand charge recombination leads to blue luminescence. binding pocket [see the fig-
Debleret al. (2) reveal a fas- ure, left panel, and figure 2A
cinating relation between the structure of the Phe) eliminated exciplex emission withoutn (2)]. With no long portal in the green and pur-
antibody-stilbene complex and the mechaeducing the affinity of the protein for stilbeneple antibodies, stilbene is unable to approach
nism by which emission is enhanced. In contrast, a Ty#* " Phe mutant retained the Trp**% and no exciplex emission occurs.
The original paper/) and a subsequentexciplex emission, albeit with lower intensity. EP2-19G2 has been used in several bio-
report from the same group) (/ielded a cata- In the crystal structure of the complex,"®r sensor applications, including fluorescent
log of antibody-stilbene complexes emittindies perpendicular to the stilbene and evidentkabeling of DNA that was modified with stil-
blue, purple, or green wavelengths of light. Itnelps to hold it in place stacked against®®h bene dyesd), high-throughput screening of
most cases, the monoclonal antibody simplpresumably, replacing the tyrosine OH with anhiral catalysts?), discrimination of small-
provided a constrained environment to inhibi in phenylalanine sufficiently alters the strucmolecule stereocisomer§)( and detection of
photoisomerization of the stilbeng,(leading ture to weaken exciplex formation. mercury ). These sensors exploit the unique
to strong fluorescence. The exception was the In an exciplex, some charge transfer takestructural features of the antibody, i.e. the
blue-emitting complex. Here, steady-state arulace between the two components; in théepth and shape of the portal leading to the
time-resolved experiments indicated thaéxtreme case, complete transfer of an electrstilbene-binding pocket.
enhanced emission resulted not only frorgields a contact radical ion pad)(This prop- Other biomolecules such as nucleic acid
constraining the dye, but also from the formeerty of exciplexes introduces a subtle buaptamers0) and single-chain variable-frag-
tion of an excited-state complex. A crystalmportant point: Because the ion pair is ament antibodies (scFvs) /) can selectively
structure suggested that this OexciplexO formited-state species, emission results frobind fluorogenic dyes and enhance their fluo-
between the stilbene and atacked trypto- charge recombination, as opposed to simpiescence by a factor of more than 1000.
phan residue (Tf3%) located at the deepestrelaxation of a locally excited state. Because there is no evidence for exciplex for-
point in the binding pocket. To elucidate the mechanisms by which stilmation, these cases are analogous to the green
Debleret al. have now mutated residues inbene luminescence is activated by the two typasd purple antibody-stilbene complexes. In the
the stilbene-binding pocket and analyzed thef antibodies, the authors turned to high-resolease of the scFvs that bind thiazole orange and
impact on the emission properties. As expecteiibn structural analysis of antibody-stilbenemalachite green, considerable spectral tuning
mutation of Trj1%to phenylalanine (TH#% cocrystals. In the exciplex-forming antibodyand improved binding affinity was generated
EP2-19G2, the hydrophobic stilbene-bindinghrough directed evolutiori {). This approach
1Department of Chemistry and Molecular Biosensor RR¢Ket is deep within the antibody, between theould be used to generate stilbene-binding
Imaging Center (MBIC), Carnegie Mellon University, and V| domains (see the figure, rightscFvs with improved affinity, higher fluores-
Pittsburgh, PA 15213, USA. E-mail: army@cm”"‘e%ﬂnel). The TH#L%3that forms the exciplex is cence quantum yields, or more diverse colors.
Department of Biological Sciences and MBIC, Carnegi . . . : . .
Mellon University, Pittsburgh, PA 15213, USA. E_mla([bﬁly conserved and normally participates isuch modified biomolecules could find appli-
berget@cmu.edu contacts between two domains that stabilize tloations in fluorescence imaging and sensing.

which do not show exciplex
emission, reveal a binding
pocket that is also quite
orphobic but at least 0.6
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GENOMICS
Advances in DNA sequencing and synthesis

R e CO n Stru Ctl O n Of th e G e n O m eS techno!ogies .are making it possible to read

and write entire genomes.

Drew Endy

Y
the family face; flesh perishes, |
O e on, projecting trait and trace ATCGE E010101E EATCG
tlrough time to times anon, and - .
leaping from place to place over oblivion.O S ¥f:2r%sgng;&rmgfn'zes ce
starts the poerhleredityby Thomas Hardy, ¥Oligonucleotides

whose protagonist personifies the observe
tion that all life exists through a process o

direct descent from one generation to th Genome | Genome

next. Scientifically, the replication and prop- ECHUENC e e
agation of genetic material, as DNA or RNA ~7 kb fragments

is the primary mechanism by which each ger - . ; S
eration transmits the instructions underlying pagiral genomes. ¢ ‘ e

the traits and traces of their offspring. Or Larger fragments £
page 1215 of this issue, Gibsenal. (1) Q‘j y 1.4
s constraintof d w ) < L

bypass natureOs constraint of direct descen =
combining information and raw chemicals tc -
construct the entire set of genetic material, «
genome, encoding a bacterium (see th e
figure). This first construction of a genomegenome constructiodNA sequencing technology decodes the genome of an organism. DNA syn
encoding a self-reproducing organism herand genome construction technologies enable the opposite process. Bacterial genomes can be b
alds important opportunities in both geneticBNA sequence information and raw chemicals.
and biotechnology, highlights the need for
improved DNA construction technology, andsubsets of oligonucleotides to produce thtechnology research. Thus, an improved abil-
reinforces the value of ongoing public discusrequested cassetted).(Gibsonet al. used a ity to provide any DNA molecule quickly, reli-
sion of the impacts of making organisms eastierarchical scheme to assemble, check, arahly, and economically would enhance and
ier to engineer. as needed, repair ever-longer DNA fragmentsxpand life sciences and engineering research
Gibsonet al used a multistage process te@ventually producing the full-length genome.(5), and might well become the goal of well-
construct the genome Mycoplasma gen-  Given that all life is encoded by geneticcoordinated public research programs. Un-
italium. First, information defining the material, ongoing and future advances ifortunately, no such programs exist today.
582,970bbase pair (bp) DNA sequence of tiBNA synthesis and genome construction Meanwhile, consider that most early dis-
genome to be synthesized was obtained frotrechnology will be important. For example,coveries of genetically encoded functions
a computer database and divided into shortére U.S. National Institutes of Health is estidepended on analysis of the linkage between
sections, or cassettes of DNA up to ~7000 hpated to spend ~$1.5 billion annually supnatural or randomly generated mutations and
long. Commercial DNA suppliers then con{orting the manual manipulation of DNA( phenotypesf), a powerful approach akin to
structed these cassettes. Raw chemicabsich work consumes most of the experimetlindly smashing many cars with a hammer
derived from sugar cane were combined ttal effort for many biologists and biologicaland then determining which broken parfs
synthesize specific oligonucleotides, shoréngineers, a hidden opportunity cost that imatter by attempting to drive each machirge.
fragments of DNA up to several hundred badearder to quantify. Moreover, the requiredDver the past 30 years, the inventighgnd z
pairs long ). The suppliers then combinedslavish mastery of ad hoc methods and tediodgsvelopment&) of DNA sequencing techa;
tools for DNA manipulation discourages moshology have provided a complementaﬁl
Biological Engineering Department, Massachusettsmggwdents and researchers in fields such approach for discovering genetic function.
Sics, electrical engineering, and computdy comparing DNA sequence mformaﬂoﬁ

of Technology, Cambridge, MA 02139, USA. E H
endy@mit.edu science from exploring biomedical and biofrom different organisms, researchers can
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