
They have shown that, when appropriately 
designed, six wedge-shaped subunits bearing 
highly branched tails can self-assemble to form 
cylindrical rosettes of nanoscopic dimensions 
(see figure). Thus, the organic chemist needs 
only to design and synthesize one-sixth of the 
desired structure. The structure of Zimmer- 
man's pie wedge is based on those of his 
"molecular tweezers" that bind aromatic guest 
molecules by intercalation between aromatic 
rings spaced 0.7 nm apart (8). These spaces 
commute with a larger internal void in the 
supramolecular assembly, and it would be 
interesting to find out what guests molecules 
could be bound or trapped in this cavity. 

The benzene rings in both layers of each 
pie wedge bear two carboxylic acid groups 
oriented at 60' angles with respect to each 
other. These 60' angles, combined with the 
linear geometry of the carboxylic acid 
dimer, dictate that six of the tetracarboxylic 
acid wedges will form the most stable as- 
sembly. Chemical systems seek the lowest 
energy situation, and the numerous studies 
on equilibrium-controlled molecular self- 
assembly point to one conclusion: the fa- 
vored aggregate is the lowest molecular 
weight structure that satisfies the number of 
binding sites and their geometric con- 
straints. Although larger aggregates might 

also satisfy the hydrogen bonding preferences 
of the subunits, entropy favors the largest 
number of particles and, therefore, the small- 
est particles. Zimmerman's six-wedge model 
is supported by the observation that discrete 
assemblv of six subunits is most favorable 
when the branched tails are in good con- 
tact. The van der Waals interactions be- 
tween the surfaces of these globular tails ap- 
parently stabilize the supramolecular assem- 
bly. Smaller or more flexible tails do not 
give stable six-wedge complexes; instead, 
open-ended polymer chains are formed. 

The self-assembling dendrimers resemble 
Whitesides' soluble rosettes (14), but their 
9 nm bv 2 nm dimensions nlace them in 
the realm of nanostructures.  here is also a 
superficial resemblance to the ion-mediated 
assembly of discotic liquid crystals from 
taper-shaped molecules ( 1  9) ,  but the struc- 
tures of dendrimers can be precisely con- 
trolled, at least in the vicinity of the core. 
This self-assembly approach also allows for 
much better control of molecular architec- 
ture when compared with polymerization 
methods for dendrimer synthesis. The logical 
next steD toward fabrication of nano- 
structured materials is to apply the principles 
of molecular recognition at the next level: - 
self-assembly of self-assembled dendrimers. 

Evolving Catalysts in Real Time 

Mark M. Davis 

Antibodies that catalyze chemical reactions 
can be produced at will by immunizing ani- 
mals with stable analogs of specific transition 
states (1). These antibodies are potentially 
enormously useful for catalysis of standard 
reactions in novel formats and, especially, 
for generation of entirely new catalysts. The 
field has been hindered by the relative inef- 
ficiency of most of the antibodies produced 
to date, so there have been intense efforts 
to improve the catalytic ability of these 
molecules. The reports from Patten et al. 
(2) ,  presented in this issue, and from others 
(3, 4 )  of x-ray crystal structures of catalytic 
antibodies bound to transition state analogs 
are therefore important in laying the ground- 
work for rational design of better catalysts. 

Patten et al. (2)  do more than this, how- 
ever. They also take a look backward and 
explore the immunological evolution of 
their catalytic antibody. They derive the se- 
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quence of the original protein that existed 
before the action of somatic hypermutation, 
the specific type of mutagenesis that pro- 
duces higher affinity antibodies over the 
course of an immune response. The 14,000- 
fold im~rovement in affinitv that thev see 
between the mutated antibody and the origi- 
nal shows the power of somatic hyper- 
mutation. This large improvement in affin- 
itv also brines about a 100-fold increase in 
the catalyti; ability of the antibody, sug- 
gesting that further gains in affinity might 
produce even better catalysts. 

The antibodv studied bv Patten and co- 
workers was gknerated b; immunization 
with a nitrophenyl phosphonate transition- 
state analog and catalyzes the hydrolysis of 
an ester or the related carbonate deriva- 
tives. The structyre shows that the hapten 
is bound in a 10 A-deep pocket surrounded 
by six tyrosines, with the aromatic nitro 
group at the bottom. This pocket structure 
exists in the antibody binding sites for most 
haptens, including another phosphate ana- 
log (4)  and arsonate (5). The identity of the 
residues surrounding the hapten suggests 
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possible mechanisms of catalysis; mutagenesis 
implicates some of these residues as critical, 
particularly a histidine at position 35 of the 
variable region of the immunoglobulin heavy 
chain (VH). 

These new data are the most striking il- 
lustration yet of how dramatic the effects 
of somatic hv~ermutation can be on the af- , L 
finity of an antibody and even yield some 
clues as to how this is achieved. B lvmnho- , . 
cytes usually first encounter antigens in the 
lymph nodes, and at this stage they express 
nonmutated (germline) immunoglobulin M 
IIeM) antibodies on their cell surface (see . "  , 

figure). After encountering antigen and re- 
ceiving "heln" from T cells (in the form of " 

cytokines), the B lymphocyte can differen- 
tiate along several pathways. One of these 
induces, by an unknown mechanism, so- 
matic hypermutation of the two variable 
regions V n  and VL ( L  indicates the light 
chain) but not the constant regions (CH or 
CL).  Subsequent encounters with antigen 
select higher affinity variants to advance to 
the plasma cell stage, which secretes immu- 
noglobulin. This is usually (but not always) 
accompanied by a rearrangement that brings 
the V n  exon adjacent to a new CHI result- 
ing in the secretion of a new immunoglobu- 
lin type (such as IgG or IgA) (6). 

The authors used the heavv and light 
chain immunoglobulin sequences that they 
had isolated to find the original eermline se- " - 
quences. They then reconstructed this anti- 
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c $ ing a "better" binding site for the hapten. If 
introduced by somatic this were true, however, one would expect 
mutation, expressed the . f at least an occasional mutation in a contact 
protein in ~ ~ ~ k h  . -= - residue, and, although the sample size is 
coli, and compared 2 small, thus far this has not happened (2,5). 
the kinetics of hapten 

- 
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We now know a little more about both 
binding with those catalytic antibodies and the effects of so- 
of the original. The matic mutation on antibodies. At the very 
14,000-fold difference least, the results of Patten and co-workers 
in affinity between the suggest that selecting for even higher affin- 
two resulted mostly ity catalytic antibodies could result in even 
from a slower dissocia- ' better catalysts-by further reliance on the 
tion rate of the mu- immune system during a more lengthy pe- 
tated antibody. This is riod of immunization or by the more di- 
by far the largest dif- Getting stronger: The progression from cell surface to secreted forms rected approach of mutagenesis with natu- 
ference attributable to of immunoglobulin. Initially, immunoglobulin genes are rearranged and ral or unnatural amino acids. 
somatic mutation yet expressed on the surface of 6 lymphocytes in the IgM form. If they en- 

counter an appropriate antigen and receive T cell help in the form of 
~~f~~~~~~~ seen in a specific anti- cytokines, they may somatically hypermutate their rearranged V region 
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germline version of the antibody investi- 
gated by Patten et al. is lower in affinity, be- 
cause it should have first encountered the 
hapten as a multimeric aggregate or on the Delivery of Molecular Medicine 
surface of some auxiliary cell (1 0). Later, as a 
secreted antibody, the affinity required is 
generally much higher (in the nanomolar 

to Solid Tumors 
range) and is achieved by somatic mutation. 
This affinity is typical of many proteins that Rakesh K. Jain 
bind to soluble ligands. 

How does somatic mutation generate 
this higher affinity? Patten and co-workers 
find that none of the nine somatic mutants Approximately one-fourth of all deaths in cal and biological agents, but these at- 
are in direct contact with the antigen. In- the United States are due to malignant tu- tempts are often unsuccessful ( I ) .  
stead, they affect either residues internal to mors. More than 85% of these are solid tu- There is widespread expectation that 
the binding loops [complementarity deter- mors, and approximately half of the pa- new strategies, collectively referred to as 
mining regions (CDRs)] or, in a few cases, tients with these tumors die of their disease. "molecular medicine," have the potential to 
are in neighboring residues. This parallels The cause of death is usually metastatic dis- be dramatically more effective. The new 
earlier work by Strong et al. (5) who saw that ease distant from the original tumor, al- strategies are a product of the remarkable 
a 200-fold increase in affinity between so- though uncontrolled primary (or regional) creativity and energy that has been devoted 
matic mutants of an antibody to arsonate and tumors can also be fatal. The distant me- to molecular biology and biotechnology. 
its germline predecessor were achieved en- tastases are treated systemically with chemi- The resulting agents include monoclonal 
tirely by mutations in CDR that were not in antibodies, cytokines, antisense oligonucle- 
direct contact with the hapten. Instead, as The author is in the Edwin L. steele Laboratory, D ~ -  otides, gene-targeting vectors, and geneti- 
seen by Patten et d., the most important partment of Radiation Oncology. Massachusetts Gen- cally engineered cells. Because of their po- 
mutations are involved in inter- or intra- era1 Hospital and Haward Medical School, Boston, MA tent effect on cancer cells in vitro and in 

021 14, USA. E-mail: jain@steeIe.mgh.harvard.edu CDR loop interactions. The authors suggest More details on this topic can be found on the World some in vivo tumor systems, these agents 
that a unifying mechanism behind this in- Wide Web at <http://steeIe.mgh.harvard.edu>. have been heralded as breakthrough drugs 
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