
fluenza will be most closely related to fu- 
ture strains is not necessarily equivalent 
to predicting the epidemic strain for the 
subsequent year. Strains may persist for 
several years, and a strain that is part of 
the epidemic one year may not represent 
the future course of the main trunk lin- 
eage of the virus. However, their method 
does predict with reasonable accuracy 
which current strain will eventually be 
most closely related to that causing future 
outbreaks of influenza. Thus, this method 
can be used in conjunction with standard 
epidemiological data to select strains of 
influenza for producing effective vac- 
cines in advance of influenza epidemics. 

This would greatly help in the production 
of vaccines that are efficacious. 

The ability to make predictions about 
the future evolutionary course of influenza 
is the latest example of the many practical 
applications of evolutionary biology. Evo- 
lution isn't just something that happened in 
the past; evolution can be observed in the 
present, and in some cases, used to predict 
the future. In the medical sciences, topics 
such as in vitro evolution of pharmaceuti- 
cals, drug resistance, emerging diseases, 
and epidemiological studies of pathogens 
all require a thorough understanding of 
evolutionary biology. More broadly within 
biology, an evolutionary perspective is 
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Class-Conscious TCR? 

T he T cell receptor (TCR) recognizes 
peptides of processed antigen bound 
to class I or class I1 MHC (major his- 

tocompatibility complex) molecules on 
antigen presenting cells. Structural studies 
show that the TCR makes a diagonal foot- 
print (buried imprint) on the surface of the 
peptideMHC class I complex (1-6). This 
diagonal footprint (see figure, this page) 
enables the TCR both to interact with con- 
served MHC molecules and to discriminate 
between different antigenic peptides. The 
structure of the TCR bound to the pep- 
tideMHC class I complex reveals that the 
genetically more diverse regions of the 
TCR (the central hypervariable loops, 
CDR 3a  and 3P) interact most closely with 
peptide, whereas the less-variable CDR 1 
and 2 regions interact with the a helices of 
MHC class I. The CDR 3a  and 3P regions 
could interact with peptide in any number 
of orientations but to maintain the speci- 
ficity of immune recognition, the number 
of orientations needs to be restricted. This 
could be accomplished by the interaction 
of the TCR-peptide MHC complex with 
coreceptors CD4 or CD8 on the T cell or 
through steric constraints imposed by ex- 
tensive glycosylation of both the TCR and 
MHC (7). Now, Reinherz et al. report on 
page 1913 (8) the crystal structure at 3.2 A 
of the variable region of the TCR Dl0 in- 
teracting with mouse MHC class I1 (I-Ak) 
bound to peptide antigen. The investigators 
propose that the orthogonal orientation of 
the TCR-class I1 interaction is more con- 
sewed than the diagonal orientation of the 
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TCR-class I interaction. Differing speci- 
ficities of TCR for MHC class I1 versus 
class I would then direct differentiation of 
T lymphocytes into either CD4+ (helper) or 
CD8+ (cytotoxic) cells, respectively. 

Comparison of the new structure with 
the three previous TCR-peptide MHC 
class I structures-mouse 2C (I, 3), hu- 
man A6 (2) and B7 (4)-reveals both sim- 
ilarities and differences. Even within this 
rather small structural database, the range 
of TCR orientations extends from diagonal 
to almost orthogonal (see figure, next 
page). There are several ways in which the 
TCR variable region of the P chain (VP)- 
composed of CDR lp, 2P, and 3 p h a s  
been seen to interact with the peptide- 
MHC complex. For example, VP of the 
mouse TCR 2C makes only a few inter- 
atomic contacts with either the peptide or 
MHC. In the human TCR A6 there is al- 
most no contact between CDR lp  and 2P 
and the peptide-MHC, but, because of its 
larger size, CDR 3P dominates the VP in- 
teraction. Similarly, in the complex of 
TCR with B7, the VP region makes mini- 
mal contacts with the MHC, whereas CDR 
3P makes extensive contacts with the pep- 
tide. For the interaction of TCR Dl0 with 
MHC class 11, the size of the buried sur- 
face area by itself does not tell the whole 
story. CDR 2P and 3P dominate the inter- 
actions with the MHC helices, but have 
extraordinarily little contact with peptide. 
Thus, even though the surface area of VP 
buried in the MHC-peptide complex (338 
AZ) is in the middle of those observed for 
the class I TCRs (260 to 430 AZ), the com- 

The author is at the Department of Molecular Biolo- 
plementarity of the interface (0.70 versus 

gy and Skaggs Institute for Chemical Biology, The Oe4' to 0.64) is much better than for other 
Scripps Research Institute, La jolla, CA 92037, USA. TCR-peptide MHC pairs (8). 
E-mail: wilson@scripps.edu SO, how can the different interactions 

needed to derive general principles from 
the huge amount of work that is conducted 
on model organisms, or to interpret any 
work that compares data across genes, in- 
dividuals, populations, or species. School 
boards and science educators need to un- 
derstand this simple fact: If students don't 
learn about evolution, they can't possibly 
understand modern biology or medicine. 
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MHC clrrss CTCR 87 

Footprints in the sand. Comparison of the foot- 
print of a dass II TCR Dl0 (4 and a dass I TCR 87 
(4) on their respective MHC molecules.The surface 
of the CDR variable bops are shown in dark blue 
(la), dark purple (Za), dark green (3a), orange 
(k), light blue (lp), light purple (ZP), and light 
green (3P). The 2701 and 51a residues are in yeC 
lowish-green, the amino-terminus of the a chain in 
B7 is in black, and the peptides in red. Figure calm- 
lated with MS ( 7 7) and rendered with MIDAS ( 74. 

of TCRs with peptide-MHC complexes be 
consistent with a standard overall orienta- 
tion? The variable loops of TCR's a chain 
(Va) maintain a relatively constant and 
significant van der Waals interaction with 
both peptide and MHC in all four com- 
plexes. It appears that V a  dictates the 
overall orientation and that the position of 
Vp is additionally modulated by the pair- 
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Twist and turn. Orientation of the class I and class II TCRs and the respective peptide-MHC com- 
plexes with which they interact. (A) The four structures were superimposed on their P-sheet floors. 
The relative orientations of the CDR loops are shown on top of the MHC peptide binding groove 
represented by the long opposing a helices (gray) of a, and az for class I (H-ZK~, HIA-AZ), and al 
and p1 (pink) for class II (I-Ek).The CDRs of TCR D l 0  are shown by a thick red tube and the 2C (3). 
A6 (Z), and 87 (4) CDRs by thinner tubes, and are color coded as follows: la (dark blue), 2a (ma- 
genta), 3 a  (green), l p  (light blue), 2P (brown), and 3P (yellow).The principal axis of the TCR CDR 
loops is shown by a rod for D l 0  (red), 87 (orange),A6 (gray), and 2C (cyan). (B) Comparison of pep- 
tides bound to MHC class I and class II. A subset of conformations for peptide bound to murine 
(light gray), and human (dark gray) MHC class I and murine class II (pink) are shown with their re- 
spective MHC removed. (C) Comparison of the interaction of TCR CDR 4a with class I (gray) versus 
class II (pink) complexes. The switch in the salt bridge (from Lys a68) allows the V a  to ratchet 
around to form a different salt bridge but with the same helical segment in MHC class I versus class 
II.The numbered residues on the helices represent contacts with TCR loop residues 27a and 51a in 
the various structures. Figure calculated with MOLSCRIPT (73) and rendered with RASTER3D (74). 

ings of the TCR's ap chains (up to 20'). 
As a result, the footprint varies between 
diagonal and orthogonal. Indeed, the 
molecular orientation of the TCR can be 
strikingly different, but the positions of 
the CDR loops and the TCR footprint on 
the peptide-MHC complex are still ap- 
proximately diagonal (bottom left to top 
right, both figures). So, the TCR Dl0 sto- 
ry suggests an orthogonal molecular ori- 
entation but an off-diagonal footprint (8). 

The new structure focuses attention on 
the interaction of V a  with the MHC % he- 
lix of class I and the corresponding PI helix 
of class I1 (see figure, this page). The V a  
CDRs l a ,  2% and 4 a  are directed toward a 
few turns of helix that are highly conserved 
within each MHC class, but &e quite differ- 
ent between class I and class 11. In most 
class I structures, the CDR l a  loop sits be- 
tween the al and & helices (see figure, this 
page) and interacts significantly with pep- 
tide, whereas in the TCR Dl0 structure, the 
CDR l a  has shifted over because of the po- 
tential clash with the longer class I1 peptide, 
as it extends out above the floor of the 
groove. However, the main structural differ- 
ence in the peptide binding groove between 
MHC class I and class I1 is around the 
amino terminus of the first lone helix of 

this page). This unique class I1 feature is 
surprisingly not recognized by TCR D10. 

Given that the range of orientations ap- 
pears to fall between orthogonal and diago- 
nal, the main problem is how to predict such 
interactions. The peptide conformation itself 
is much more variable in class I than in class 
11; substantial variation occurs in the middle 
of the peptide for class I, but at the ends of 
the peptide for class I1 (see figure B, this 
page). The class I TCRs seem to have ad- 
dressed that structural challenge by varying 
the length of their central CDR 3P and by 
reducing the extent to which CDR l p  and 
2P interact with the MHC helices. The Rein- 
hem proposal (8) of a more conserved orien- 
tation for the class 11-TCR interaction is 
certainly consistent with the more uniform 
class I1 peptide conformation of the central 
P1 to P9 residues seen in all class I1 human 
and mouse MHCs. Thus, CDR contacts to 
both peptide and MHC helices can be main- 
tained without the need to accommodate the 
variable bulges seen in class I peptides. 
However, a restricted TCR class I1 orienta- 
tion also implies little variation in either the 
a$ chain pairing or the length of CDR 3P. 

Reinherz et al. also propose that the TCR 
class-specific orientation can direct the mat- 
uration of either CD4+ or CD8+ T cells. Pre- 

class I a l ,  which becomes a P &and and viously, it was noted that a switch between 
shorter al helix in class I1 (see figure A, the CD4+ and CD8+ T cell classes [reviewed 

in (9)] resulted from substitution of TCR 
residues 27 and 5 1 at the tips of the CDR l a  
and 2 a  loops (see figure, previous page). 
Although the TCR 27a and 51a residues 
have different environments in MHC class I 
and class I1 complexes, they both interact 
with a similar segment of helix H2b in & or 
pl (see figure C, this page). The fourth hy- 
pervariable loop of Va, CDR 401, is able to 
switch a salt bridge from the conserved TCR 
V a  residue Lys@ to the equally highly con- 
served ( 3 1 ~ ' ~ ~  % in class I or the conserved 
Asp76 P1 in class 11, one helix turn away. An- 
other class-specific salt bridge in the TCR 
Dl0 complex is formed on the VP side of 
the binding site where conserved Gld8 on 
CDR 2P reaches over and interacts with a 
highly conserved L ~ s ~ ~ ,  not from the MHC 
al helix but from a conserved loop that con- 
nects the p mds, S3 and S4. Such pairs of 
salt bridges could certainly restrict the ori- 
entation of any TCR onto its particular 
class of MHC molecule. A real difference 
in V a  orientation could certainly influence 
binding of the TCR-peptide MHC complex 
to CD4 or CD8. The acidic binding loop 
for the coreceptor on MHC a3 of class I 
and Pz of class I1 is on the V a  side, al- 
though in quite distinct positions and orien- 
tations for the "fiuzy" set of class I versus 
class I1 conformations. So, the next major 
structural question to address is how the 
entire TCR-CD3-CD8 or CD4 signaling 
complex is assembled. 

But, we should not overlook the need for 
more TCR-peptide MHC structures, both 
for class I1 and for class I. Until we can rou- 
tinely predict with some accuracy how any 
given TCR sits on its peptide-MHC, we 
still have work to do. It took many, many 
antibody-antigen structures to glean the key 
molecular recognition principles of this in- 
teraction. Meanwhile, the new structure 
tells us a lot and, coupled with accomplish- 
ments of the recent nuclear magnetic reso- 
nance structure of TCR Dl0 (I 0), is a sig- 
nificant and much needed addition to the 
TCR structural database. 
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