
What T Cells See and How Thev See It 

Studies on pattern recognition by T cells are resolving some of the most&ndamental issues of 
immunology. The information may aid vaccine development 

AT THE END OF SEPTEMBER,some 30 im- 
munologists gathered in New York City for 
a workshop* on "T Cell Pattern Recogni- 
tion." Their goal was to assess the current 
state of knowledge about what the T cells of 
the immune system "see" when they recog- 
nize foreign antigens. A better understand- 
ing of how T cells interact with their target 
antigens-a necessary step for mounting 
many immune responses-may be helpful 
for developing vaccines to protect against 
diseases such as AIDS (acquired immunodc- 
ficiency syndrome) and malaria. 

The current work is also beginning to 
provide answers for some long-standing im- 
munological questions, such as what causes 
the rejection of foreign tissue grafts and 
how docs the immune system refrain from 
attacking the tissues of its own body? Both 
graft rejection and tolerance for self-tissues 
appear to depend on the same types of T cell 
recognition events as those that initiate ordi- 
nary immune responses. 

Much of the discussion at the workshop 
concerned the nature of immunodominance. 
One of the peculiarities of T cell responses is 
that the cells actually see just a few short 
segments, usually containing some 10 to 20 
amino acid residues each, of a protein anti- 
gen. These segments are said to be immuno- 
dominant. 

Most of the protein remains invisible to T 
cells, and tl~erefore incapable of triggering 
immune responses that are dependent on 
the cclls' participation. 'The question is," 
says workshop cochairman Stanley Nathen- 
son of Albert Einstein College of Medicine 
in New York, "how does the immune sys- 
tem pick out a particular peptide to be 
immunodominant?" 

Peptide structure is undoubtedly one of 
the factors that help to determine immuno- 
dominance. The protein antigens to which T 
cells respond are cut into peptides within 
cclls. Some of these peptides are picked up 
by one or another of the major histocom- 
patibility (MHC) proteins and displayed on 
the cell surface for presentation to T cells. A 
T cell recognizes the pcptide-MHC protein 
complex, not the peptidc by itself. An im- 

*Thc workshop, which was sponsored by the Cmccr 
Research Instm~te, was hcld on 26 and 27 September. 

munodominallt peptide must havc a stnlc- 
ture that permits it to form a complex that 
can be detected by a T cell. 

At the meeting, two researchers, Jay Ber- 
zofsky of the National Ca~lcer Institute 
(NCI) in Bethesda, Maryland, and Jonathan 
ILothbard of the Imperial Cancer Research 
Fund in London, described structurally 
based models they have devised for predict- 
ing which segments of a protein antigen are 

"How does the immune 
system pick out a 
particular peptide to be 
immunodominant?" 

likely to be immunodominant. Neither 
model is infallible, but the informatioil may 
nonetheless aid in vaccine design. 

One approach to vaccine development 
that is now under active exploration involves 
vaccinating not with a whole virus but wit11 
peptides corresponding to short segments of 
the viral proteins. Some viruses-the AIDS 
virus is a case in point-are considered too 
da~lgerous to use whole, even if killed or 
attenuated. If a pcptide vaccine could be 
made to work it would not entail the same 
dangers as use of a whole virus, with its 
genetic material. The question is which pep- 
tides to use in view of the fact that T cells are 
not going to be able to recognize most of 
them in the great bulk of a protein sequence. 

Berzofsky, with Charles DeLisi, also of 
NCI, proposed a few years ago that immu- 
nodominant pcptides are those that can as-
sume the three-dimensional structure of an 
amphipathic helix, that is, a helix in which 
the uncharged, hydrophobic amino acids 
cluster on one sidc with the charged, hydro- 
philic amino acids on the other. The re-
searchers postulated that such a helix would 
be well suited for binding first to the MHC 
protein and then to the responding T cell. 

Since then they havc tested this model by 
examining the amino acid sequences of the 
protein sites found to be recognized by T 
cells in a variety of laboratories around the 
world. About 70% of these have structures 

with the potential of forming an amphi-
pathic helix, Berwfsky says. 

Moreover, the model successfully identi- 
fied regions of the envelop protein of the 
AIDS virus and of a malaria parasite protein 
that are capable of eliciting T ccll responses. 
"If the goal is to find a few T cell sites by 
using a predictive approach like this, you 
have a good cha~lce of finding them," Ber-
zofsky says, although he cautions that so far 
at least the models do not identify all possi- 
ble T cell recognition sites. Without predic- 
tive information, l~owevcr, a large number 
of pcptides-perhaps 200 for the envelop 
protein of the AIDS vinls-would have to 
be screened to find the few that are ca~able 
of inducing T cell responses to the protein. 

Rothbard and his colleagues derived their 
model by surveying the kn&n T cell recog- 
nition sites for a common structural motif. 
They found that about 85% of them carry a 
sequence of four or five amino acids in 
which the first is either glycinc or a charged 
amino acid, the next two or three are hydro- 
phobic amino acids, and the last is allother 
glycinc or charged amino acid. This motif 
has also successfully predicted which protein 
sites will be recognized by T cells. 

Although the Berzofsky and Rothbard 
groups took diKerent routes to their models, 
there is a considerable overlap between the 
sites that each identifies. This is perhaps not 
surprising as the four or five amino acid 
sequence of the Rothbard motif could form 
one turn of an amphipathic CY-helix. Roth-
bard finds, moreover, that stabilizing the 
helical structure of a peptide makes it a 
better stimulator of T cell activities. 

Neither the Berzofsky nor the ILothbard 
model is 100% effective at identifying T cell 
recognition sites. At the current state of 
knowledge then, researchers have some 
good clues to immunodominance, but the 
whole story is not yet in. 

A number of other factors in addition to 
peptide structure apparently help to dcter- 
mine whether a particular protein segment is 
recognized by T cclls. The processing step, 
by which large proteins are cut into smaller 
peptides for complexing with MHC mole- 
cules and eventual presentation to T cells, is 
apparently one of them. 

For example, at the workshop Eli Scrcarz 
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ogist Jack Strominger and crystallographer 
Don Wiley determined the three-dimen- 
sional structure of a class I MHC protein 
(Science, 30 Oaober 1987, p. 613). The top 
of the molecule features a deep groove that 
seems ideally designed for binding and pre- 
senting antigen peptides to responding T 
cells. 

Currently immunologists are making sys- 
tematic mutations in the antigen-binding 

of the University of California School of 
Medicine at Los Angeles described work 
indicating that amino acid sequences that 
are located far away from the immunodom- 
inant sites on a protein influence the 
choice of those sites. 'This suggests," Ser- 
can says, "that the protein was not cut up 
before it made contact with the [MHC] 
antigen." 

He proposes that different segments of a 

virus-infected cells, recognize antigens in 
combination with class I MHC proteins. 
These antigens, in contrast to those present- 
ed by class I1 MHC proteins, are generally 
made within the presenting cells, although 
recent work by Jonathan Yewdell of the 
National Institute of Allergy and Infectious 
Diseases (NIAID) in Bethesda and his col- 
leagues and by Michael Bevan's group at the 
Research Institute of Scripps Clinic in La 

protein antigen compete for regions of MHC proteins to see 
binding to an MHC molecule, how this affects their ability to 
with the one that wins becom- interact with antigen peptides 
ing immunodominant. Only af- and T cells. Several workshop 
ter that binding occurs is the participantst described the re- 
protein antigen cut up into sults of such analyses. 
pieces. "It is oversimplified to In general, the researchers are 
think that these molecules are finding that mutations of amino 
unfolded and chopped up fire" acid residues at the bottom and 
Sercan maintains, although that inner sides of the groove affect 
is currently the prevailing view antigen binding, whereas muta- 
of what is happening. tions along the upper and outer 

Moreover, the peptides I edges of the two a helices that 
bound to an MHC protein may bound the groove affect recogni- 
be somewhat bigger than ex- tion by T cells. These results are 
pected, and this could influence $ not surprising but they do pro- 
their interactions both with the 4 vide confirmatory evidence for 
protein and with T cells. Ac- 3 the current model of antigen 
cording to Howard Grey of the * presentation. "If the results 
Cytel Corporation in San Die- g 

didn't fit expectations, we 
go, the molecular weights of 3 would have had to question the 
peptides bound to one type of model," Strominger says, "but 
MHC molecule range from 5 they did fit expectations." 
2,000 to 10,000, which is about Although antigen peptides 
five times heavier than the mo- 2 must bind to an MHC protein 
k d a r  weight of a 20-amino Blood lymphocytes. The T lymphocytes are activated when their to be presented to T cells, their 
acid peptide. "At the high end, a receptors detectfiagments offoreign proteins that have complexed with MHC binding does not automatically 
lot of peptide isn't in the site, proteins on the surface of antigen-presenting cells. insure an immune response. 
but is oozing over the side, so to "No peptide that fails to bind is 
speak," Grey says. Benofsky's 
group also has evidence that MHC proteins 
bind peptides that are larger than 10 to 20 
amino acids. 

Immunologists generally do not yet know 
very much about the details of antigen pro- 
cessing, although recent research indicates 
that there are two major processing path- 
ways, which result in the activation of two 
different types of T cells. "The predominant 
paths of presentation to T helpers and T 
killers are different," says Thomas Braciale of 
Washington University School of Medicine. 

Helper T cells, which are so called because 
they help the B cells make antibodies, recog- 
nize antigens in combination with MHC 
proteins of the dass I1 type. Antigens that 
complex with the class I1 proteins are gener- 
ally taken up from outside the cell by being 
engulfed into small membrane-bound vesi- 
cles called endosomes. Processing of the 
antigens and complexing with the class 11 
MHC molecules apparently occurs in the 
endosomes. 

Killer T cells, which seek out and destroy 

Jolla, California, indicates that a cytoplasmic 
location, not internal synthesis itself, is what 
puts a protein into the class I pathway. 

The work suggests that even soluble pro- 
teins from outside the cell, which might 
otherwise elicit only helper T cell and anti- 
body responses, can trigger killer T cells if 
the proteins can be maneuvered into the 
cytoplasmic class I pathway. This may be 
useful for developing vaccines made from 
killed, nonreplicating viruses or individual 
viral proteins. 

No matter how an antigen is processed, 
however, the peptides produced will not be 
presented to T cells unless they first complex 
with appropriate MHC molecules. Acwrd- 
ingly, another major focus of the workshop 
concerned the structural features of the 
MHC proteins that allow them to interact 
first with the peptides and then with the T 
cell receptor for antigen. 

Identification of these features was greatly 
aided about a year ago when researchers 
from the Harvard laboratories of immunol- 

immunogenic, but some pep- 
tides that do bind are not," Grey says. In his 
experiments about 40% of the peptides that 
bound failed to elicit T cell responses. Ap- 
parently there are "holes" in the T cell 
repertoire for antigen recognition. 

Why T cells should fail to recognize some 
antigen-MHC protein combinations is un- 
clear, but one possibility is that the failure is 
a reflection of the immunological phenome- 
non known as tolerance. The immune sys- 
tem must learn not to attack the constituents 
of the body in which it resides. In some 
cases, says Paul Allen of Washington Uni- 
versity School of Medicine, this tolerance 
for self-antigens occurs simply because the 
self-antigens do not produce peptides that 

+ney include F~~ of the ~~~~~d H & ~  
Medlcal IIIStiNtc at the University of Taras Southwest- 

ern NIAID; Janet Center Maryanski in of the Ludwig Gmain ht iNte  of the for 
Cancer Rcxarch in Lausanne, Switzerland; Stanley 
Nathenson of Albcm Emstem College of Medicine in 
New York; James Sheil of Wcst Virginia Un~versity 
Health ScicnCes in Morgantown; and Jack sue- 
mingcr of Harvacd U ~ v m l t y  in Cambridge. 



are capable of  binding to M H C  proteins. 
For others, however, binding of antigen 

peptides occurs but  the complex is not  rec-
ognized b y  T cells. Complexes of  foreign 
peptides and M H C  proteins may also escape 
recog~litioni f  they  happen to look like the 
self-complexes. 

Immunologists think that T cells w i th  a 
strong predilection for recogniziing self-anti-
gens are somehow eliminated in  the  thymus 
gland, the site of  T cell maturation. Allen 
suggests that the cells get deleted i f  they 
encounter a self-peptide complexed wi th  an 
M H C  protein. "Concepnlally, it's an appeal-
ing hypothesis, but  w e  have to g o  and show 
it," he remarks. 

His o w n  work demonstrates that com-
plexes of  self-peptides and M H C  proteins 
normally exist i11 the body. As Strominger 
points out ,  "The proteins of  a cell are being 
degraded and resynthesized all the time." 
Cell peptides would therefore be available 
for complexing wi th  M H C  antigens, just as 
are the viral peptides that are synthesized i n  
infected cells. 

Complexes between an M H C  protein and 
a self-peptidemay also be at the  root ofgraft 
rejection, according to Strominger. His 
group has found that mutations in an M H C  
protein affect its ability to participate in a 
graft rejection reaction the  same way as they 
aff'ectits ability to participate in a response 
to a viral antigen. T h e  recognition event 
therefore appears to be the  same in  bo th  
responses, that is, a T cell interacting wi th  a 
peptide bound to an M H C  molecule. 

W h a t  researchers would like to see next is 
a clear view of  an antigen peptide i n  the 
M H C  protein groove. T h e  M H C  protein 
analyzed b y  the Strominger-Wiley group 
contained something in  its antigen-binding 
groove, but  the  resolution ofthe  x-ray struc-
ture was not  good enough to see what it 
was. A clear view could help resolve some of  
the issues about the structures of  immuno-
donlirlant peptides. Immunologists could 
see, for example, whether they  bind in a 
helical configuration or in a more extended 
conformation. 

Harden McCom~el lof  Stanford Universi-
t y  notes, however, that even this will not  
~lecessarily reveal the structural require-
ments for forming the complex benveen an 
antigen peptide and an M H C  molecule. His 
work indicates that this complex undergoes 
a significant structural change after the bind-
ing event. T h e  structure captured b y  x-ray 
crystallography will be final one, not  the  
initial one. 

Nevertheless, the  studies of T cell pattern 
recognition are beginning to resolve some of  
the  most hndamental issues o f  immunolo-
gy, including imrnunodominance, tolerance, 
and graft rejection. JEAN L. EV~ARX 

Huge Impact Is Favored 

A large impact rather than a volcano is widely taker1 to be the 
primary agent of destruction at the end of the dinosaur age 

Snou//?ivd, Utah 
NO ONE ASKED FOR A SIXOW OF HANDS, 

but  a vote among those attending the con-
ference on Global Catastrophes i n  Earth 
History* here would have given a clear-cut 
victory to an asteroid or comet impact as the 
most likely explanation of  the  mass extinc-
tion 66 million years ago. Tha t  was when  
the last of the dinosaurs died out.  

For several years a small group of  re-
searchers has been advocating millennia of  
volcanic eruptions of previously unimagined 
power as an alternative agent ofdestruction. 
T h e  geologic record is being misread, this 
group claims, b y  those insisting that a large 
impact instantly laid d o w n  the th in  layer of 
exotic sediment found in the late 1970s 
sandwiched between sedimentary rock o f  
the Cretaceous period and the younger rock 
of the Tertiary period. T h e  debate looked 
like it could continue indefinitely. 

After this Snowbird conference, the  sec-
ond of its kind (Sciet~zc,20 November 1981, 
p. 896), the end seems to be in  sight. T h e  
evidence for an impact conti~luesto mount .  
T h e  volca~lichypothesis, which has consist-
ed ofa hotly contested plausibility argument 
and claims o f i~lconsiste~lciesin  the evidence 
for an impact, made a poor showing. And 
thc detection o f  the  mineral stishovite, a 
form of  quartz formed only b y  the extreme 
pressure of  an intense shock, was an-
nounced; i f  confirmed, this evidence would 
be widely regarded as definitive proof of  an 
impact. Perhaps most  encouraging were the  
frequent agreements benveen feuding parti-
sans to cooperate finally in  sampling, inter-
calibration, and analysis. 

O n e  advantage held b y  the  theory that a 
large impact killed o f fmore than 70%of the 
species living at the end of  the age of  the 
di~losaursis the inevitability ofsuch impacts, 
given the existe~lceof asteroids and comets 
that cross Earth's orbit. Globally disastrous 
eruptio~ls remain hypothetical. Euge~ le  
Shoemaker of  the  U.S. Geological Survey 

*Global Catastrc~phesin Earth IIirtory: An intcrdisci-
plinary conference on  impact?, volcanism, and mass 
mc~rtality,held 20 to 23 October at Snowbird, Cltah. 
Sponsored Iv\. thc Lunar a i d  Planetary lnst~tuteand thc 
National Acadeniy of Scicnccs. 

( U S G S )  in Flagstaff told the conference 
about his latest estimates ofthe frequency o f  
large impacts based on discoveries of Earth-
crossi~lgasteroids and comets. About  every 
100 million years o n  average, Shoemaker 
concludes, an object 10 kilometers in diame-
ter slams into  Earth at perhaps 20 kilometers 
per second or more, releasing 60 million 
megatons of energy and creating a 150-
kilometer-wide crater. That  is the  size im-
pact thought necessary to explai~lthe  chemi-
cal composition of the layer at the boundary 
between the Cretaceous and Tertiary peri-
ods. (I<-T boundaw is used to denote this 
moment  in geological t ~ m e . )  

Bruce Bohor o fthe  U S G S  in  Denver soon 
followed wi th  a recounting of h o w  the  K-T 
boundary seems to be littered wi th  the 
debris of such an impact. There are the 
shocked quartz grains shot through wi th  
intersecting lamellae characteristic o f  the  
extreme pressure generated b y  intense 
shocks. Multit>le lamellae have been foulid 
onlv in minerals from known impact sites, 
nuclear test sites, laboratory \hock expen-
ments, and the  K-T (Sricrlre, 25 May 1984, 
p. 858). And there are sp~nelcrystals, hol-
low spherules, and vltrlc clasts u n l ~ k eany-
thing spewed from volcanoes. All t h ~ sevi-- .  

dence is consistent wi th  an im17act. excludes 
a volcanic eruption, and is consistent wi th  
most of  the geochemical evidence, Bohor 
said. 

T h e  volcanolog~sts~nvi tedto the confer 
ence, w h o  had not as yet been drawn ~ n t o  
the volcano versus impact controversy, pro-
v ~ d e dl~ t t l emoral support for the  eruption 
advocates. There have been huge eruptions, 
the volcanolog~stsnoted, far larger than any 
experrenced b y  humans. About  16 mrllion 
years ago, eruptions in  eastern Oregoll and 
Washington over a period o f  days spewed 
forth batches of  lava as large as 5,000 cubic 
kilometers to form lava lakes u p  to 700 
lulolneters across. T h e  eruption of Long  
Valley caldera in  California 700,000 years 
ago dumped 5 ce~ltimeterso f  ash o n  much  
of the central United States. And n o  one can 
say that even larger eruptions have not  
occurred. 

Even wi th  this daunting record of  erup-
tions, the volcanologists could not  oEer 
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