
neopeptide in the  thymus provides a newr 
approach for exploring the  role of peptide 
in  the  positive selection of T cells. This 
strategy inverts the  traditional one of start- 
ing with a T cell displaying a particular 
T C R  and then attempting to define the 
reauirements for its selection: rather, it be- 
gins with expression of a new peptide and 
permits one  to study the  T cells naturally 
selected o n  it. O L I ~  data show that the  pep- 
tide sequence influences the  sequence of 
the  TCRs o n  selected cells, significant and 
systematic variations resulting from single- 
residue changes a t  uutative TCR-contact - 
points. T h e  relation between selecting pep- 
tide and selected T C R  shows significant, 
but not  complete, two-way degeneracy, 
analogous to  what 1s seen w ~ t h  the respons- 
es of mature T cells. Taken together, these 
observations support the hypothesis that  
positive selection involves direct recogni- 
tion of peptide features, b ~ ~ t  they do not  
entirely rule out the possibility that peptide 
plays pritnarily a structural role, its precise 
sequence impinging o n  the  process when ~t 
leads to steric hindrance of the  T C R  (12) .  

REFERENCES AND NOTES 

I .  H. von Boehmer, Cell76 219 (1994): G. J. V. Nossal. 
ibid.. p. 229. 

2. P G Ashton-R~ckardt, L Van Kaer, T. N, i5A. Schuma- 
cher, H. L. Ploegh, S. Tonegawa, i b~d  73 1041 (1993). 

3. P. G. Ashton-Rickardt eia l . .  ihld 76 .  651 (1994). 
4. K. A. Hogqu~st, M. A. Gavin, M. J. Bevan J. Ex,o 

Med. 177, 1469 (1993). 
5. K. A. Hogquist ei a/ , ,  Celi 76 ,  17 (1 994). 
6. S. C. Jameson, K. A. Hogquist, M. J. Bevan, ,Nature 

369. 750 (1 994). 
7. K. A. Hogquist, S. C. Jameson, M. J Bevan, Immu- 

nlty 3 ,  79 (1 995). 
8. E. Sebzda ei a/. , Science 263. 161 5 (1 994) 
9. E. Sebzda ei a1 , J. Exp. idea'. 183, 1093 (1 996). 

10, T. J. Pawowskl M. D. Sngeton. D. Y. Loh. R. Berg, 
U. D. Staerz, Eur J. Immunol. 26, 851 11996;. 

11. H. M. Van Santen ei a / . .  J. Exp Meo'. 181, 787 
11995). 

12. T. N. M. Scnumacher and H. L Ploegh, Immunity I ,  
721 (1994). 

13. L. gnatoviicz, J. Kappler P. Marrack, Cell 84 521 
(1 996). 

14. T. Miyazakl eia l . ,  ihid., p. 531 
15. W. D. Martin eta1 ihid , p. 543; W.-P Fung-Leung ei 

ai., Science 271 1278 (1 996). 
16. R Rooke, C. Benolst. D Mathls, in preparation. 
17. R. N. German. Cell 76,  287 (1994). 
18. S. V~vllle et a/. , 1bio'.72, 635 (1 993). 1 1 ' -  mice came 

from a backcross of the 1 1  n u  mutat~on onto the 
B1O.BR backaround for tnree to flve aenerations. 
Heterozygote controls were lttermates or from par- 
allel crosses to B1O.BR. 

19. S. Sanderson K. Frauvhrth, N. Shastr~, Proc. Natl. 
Acad. Sci. U.S A 92. 721 7 (1995) 

20. N. Na~ano.  unpublished results. 
21. J Kaye. G. Kersh, I. Engel. S. M. Hedr~ck, Semin. 

Immunoi. 3 .  269 (1991): J. L. Jorgensen, P. A. Reay, 
E. W. Ehricn, M. M Davis, Annu. Rev lmmunoi 10 ,  
835 (1 992). 

22. L. J. Berg, 6 .  Fazekas de St. Grotn. A M. Pullen. M. 
M. Dav~s. Nature 340, 559 (1989); S. Oehen. L. 
Feng, Y. Xla, C. D Surh, S. M .  Hedr~ck, J. Exp. Med. 
183, 261 7 (1 996) 

23 S M. Hedrlck ei a / .  Science 239. 1541 (1988): M. 
Cocnet, Eur J Immunol. 22. 2639 (1992); M G. 
McHeyzer-W~lliams, M. M. Dav~s. Science 268, 106 
(1 995). 

24. S, Tourne N. Nakano, S. V ~ v e  C. Benost, D. Ma- 
tns  Eur J. Immunol. 25 ; 851 (1995) 

25. J J Jorgensen, U. Esser, B Fazekas de St. Grotn, 
P. Z. Reay, lvi. lvi. Davs, ,Nature 355, 224 119921. 

26. For the ympn node proferat~on assays 100 k g  of 
peptlde$.vas n,ected ?ith complete Freund's adjuvant 
n to  one footpad. Ten days later, drain~ng popliteal 
lymph node cells viere cultured n round-bottom 96- 
w e  plates (3 x 10' per well) viith or wthout peptde 
for 72 nours. Tine cells viere pulsed wltn 1 ~ C I  of ['H 
]thymidine for tne last 18 hours of culture. Pept~des 
used Include lviCC188-103) IANERADLIAYLKQATK) 
and t s  varants at poston 99 or 102. Hb(67-76) (Vl- 
TAFNEGJK), hC(12-26) (LEDARRLKAYEKKK], and 
RNase(90-i05) (SWPNCAYKTTQANKHI, a syn- 
theszed by FMOC (fuoreny methoxycarbonyl) chem- 
1 s t ~  and purlfled by reversed-phase hlgh-perfor- 
mance q u ~ d  chromatography 

27. H.-E. L,ang, C.-C. Chen, D.-L. Chou \A,-Z. La1 Eur. 
J. Immunol. 24, 1604 (1 994) 

28. P. J Fnk, M. J Blar, L A. Mails, S M Hedr~ck, J. 
Exp. ided. 172 139 (1 990). 

29 S, Tourne, T. lvi~yazak~. C. Beno~st D, Math~s n 
preparation. 

30. J. L. Casanoiaand J. L. Marjansk. Immunol. Today 
14 391 ( i993).  

31 N K. Nanda. K. K. Arzoo H. M. Geysen A. Sette, E. E. 
Sercarz, J Exp. !,/led 182 531 (1995). B. D. Evavod, J. 
Sloan-Lancaster K. J. Wson. J. B. Rothbard, P. Allen, 
Imtnuniiy 2.655 (1 995): K. W. Wucnerpfennny and J L. 
Strominger Ceii 80 695 (1995). 

32. T hybrdonia cells (3 x lo")  were cultured ~11th 3 x 
10" spleen cells as APCs, w~ th  or w~thout added 
peptde After 24 nours, tne supernatants viere c o -  
ected and tested for nterleukn-2 (IL-21 by profera- 
tion (assayed as !"H;thymdne ncorporatonl of tne 
L-2-dependent CTLL cell n e .  

33. A detailed descrpton of the adenovrus vectors vill! 
be pubisned elsewhere (751. Br~efly ti le cnimer~c 1 1  
cDNA fragments were constructed by polymerase 
cnain reacton IPCR) mutager,esls followed by iga- 
t o n  and inseriion into the Eco R B g  I sites of pNV4. 
Tine resulting pasmids wem.e linearized, then trans- 
fected together viith tne ,.ight-hand Cla I fragment of 
dl324 into 293 cells lvihch complement the E lA  
defic~ency: American Type Culture Collect~on 
CRLi 573) Vral plaques stemmng from recombna- 
t on  between p a s m d  and truncated adenoviral se- 
quences viere selected, screened for the presence 
of the I cDNA In tne correct conformation and 

concentrated on CsC gradents. Purlfled vrus was 
dalyzed aganst 0.5 M NaCl, 20 mlvi t r~s-HC (pH 
7.8) and samples stored at E O ' C ,  ttered by 
lim~ting dut ion (76), and ver~f~ed. Before njection, 
v i r ~ ~ s  vias diluted three tmes n RPM medium Ten 
microliters of t ns  dut lon were Injected Into each 
thymc lobe of anesthet~zed mce  viith a H a ~ n t o n  
syrlnge (76). Tine tlters of a concentrated viral stocks 
ranged froni 0 3 x 1 012 to 1 0 x 10" U/ml. 

34. Dra~nng lymph node cells from mmun~zed mlce 
viere rest~mulated in vitro witn 0 3  or ;.O p.M 
MCC(88-'03) peptde 'or 2 days and expanded w~:h 
L - 2  (50 U/ml) for another day. Blasts vierefused viith 
a - p  BV1'5147 cells ( l i 2  rato) and hybr~ds selected 
n hypoxanttine, amnopiern tnymidne (HAT) me- 
d u m  Hybridomas viere tested for react,vty to MCC 
peptde presented by B10 BR spenocytes 1321 and 
?,iere reconed by mit ing d u t o n .  

35. For tne antagonist assays, the B cell lymphoma n e  
CH27 was treated w~ th  mtomycn C (25 kg/]-il) for 
30 mln pulsed w~ th  subsaturat~ng doses of 
lvlCC(88-103; pept~de for 3 hours at 37'C and 
\washed tnree tmes These stimulators (3 x 10" per 
v i e )  viere cu l t~~red ~ 1 1 t h  the T cell hybr~domas or 
clones (3 X 10" per vie11 n tne presence o'various 
doses of putatve antagonst peptdes. Hybr~doma 
s tmuaton was measured as L - 2  producton (32). 
Drect proferaton vias measured for tile T cell clone 
upon pulsing viitn 1 K C  of [WH;thymd ne for 18 hours 
after 48-tiour incubaton. 

36 TCR secuences viere determned from cytoplasmc 
RNA esse~it~ally as descr~bed [S Cande~as et a/. .  
Proc. ,Nail. Acad. Sci U.S.A. 88 61 67 (1991)l 

37. B. F. Koop ei a/. Genomics 19,  478 (1 994). 
38. We tnank M Perr~caudet 'or early nelp on this 

project; P. Allen for peptdes: P, Marcna for m ~ c h  of 
the seqLlencng; M. Gber t  and C Ebe for cells; F 
F~scher, W. Magnant, and the staff of the Centre de 
Developement des Technques Avancees-CNRS for 
mantaning tne mce,  and P. Gerber for assstance. 
Supporied by insttutonal funds f r o~n  the NSERM 
tne CNRS, the Centre Hosptaier Universtare Re- 
gional, Bristo Myers-Squibb, and by grants to D.M 
and C.B, from the Assocation pour a Recnerche sur 
e Cancer (ARC) and tne riuman Frontier Scence 
Program. N.N, and P.R, viere supported by feovi-  
siiips f r o~n  the ARC, CNRS, and Lig~ie Nat~onale 
contve le Cancer (LNCCI, and the LNCC and Cana- 
d~an Medical Research Co-~ncil, respectvey. 

plaque-purlfled tvi,ce Large viral stocks wem.e pre- 
pared in q u ~ d  cultures of 293 cells, purif~ed, and 30 September 1996 accepted 3 Decembev 1996 

Comparative Rates of Development 
in Monodelphis and Didelphis 

T i m o t h y  R o w  ( 1  ) presents a pro\-occ~tive 
hypothesis on the coevolution of the mamma- 
lian liliddle ear and neocortes, b ~ l t  there is a 
problem with the data presented in support of 
his hypothesis of a relation betxeen brain 
prowth and the detachment of the ear ossicles. 
D 

Throughout the article, Rowe discusses the 
"dideluhid" condlt~on. ReaJers unfamiliar 
with the literature cited may not realire that 
in order to define the didelphid coniiitlon, 
Rowre combines data on Dicleiphls from the 
literature with his data on Monodeii~his with- 
out ackno~vledging the d~fferillg rates of de- 
velopment in the two taxa. The two animals, 
although both didelphids, have different rates 

of postnatal growth and maturation. For ex- 
ample, in Monocleiphis, the young first come 
off the teat at day 12,  in Didelphis it is not until 
day 45 (2);  in Monodelphis the young are 
v,.eaned at day 50, in Didelphis it is after day 
199 (2) ;  in Moi~odelj~his the auL1itoi-y ossicles 
begin ossii~cation on Jay 11 ( 3 ) ,  111 Didelthis it 
is durin? week 6 (4).  W e  do not have infor- 
mation on the differences in timing of the 
specific events discussed by Rowe, but nlost 
information suggests that any given event will 
occur ? to 4 weelcs later in Diclelj~his than in 
Moi~odelphis. 

T h e  inappropriate co~nbinat ion of data 
o c c ~ ~ r s  at mul t~ple  points in  Rowre's report 
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(1 ) ;  however, the problem is particularly 
critical in f i g ~ ~ r e  4, which provides the  pri- 
mary data to suggest a relation betwleen the  
growth of the  brain and the detachment of 
the  ossicles. In  this figure, Rowe superiin- 
poses his data on the  growth of the  ecto- 
tympanic and dentary bones and the  date of 
the  de tach~nen t  of the auditory ossicles in  
Monodelphis o n  data o n  brain growth in  
Didelphis presented by Ulinski (5) .  H e  does 
not correct for the differ~ng rates of devel- 
opment; instead, the two data sets are com- 
bined. This 1s equi~.alent to taking one set 
of measurements o n  a domestic cat and 
another o n  a tiger and, without correction 
for size or rates of development, summariz- 
ing the "felid" pattern. T h e  auditory ossicles 
do  not detach from hleckel's cartilage at 
day 21 in  Dldelpilis beca~lse a t  this time 
there 1s no  jaw condyle nor is there ossifi- 
cation of any ossicle (4) .  Further, all evi- 
dence suggests that a t  2L1 days after b ~ r t h  the  
brain is far inore advanced in Monodelpilis 
than in  a 20-day Didelphis pouch young (6) .  
If Rowe is to argue a relation between the 
timing of events in development, h e  inust 
either compare data derived from a single 
species or, at the least, correct for the d ~ f -  
fering rates of development in two very 
different species. 
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Response: Do Didelphis and hlonodelphis re- 
ally have illfiering rates of growth? In  an- 
snrering this question, care must be taken to 
distinguish between rates of growth and 
rates of maturation because the  t n ~  are 
broailly correlated but are not  strictly cou- 
pled throughout ontogeny (1 ). 

Didelphis and hllonodelphis ~111douhtedly 
have different growth rates. These closely 

related didelphid marsupials ( 2 )  have simi- 
lar life-spans of 2 to 3 years in the-wild, yet 
Didelphis reaches two to three times the 
adult sire of Monodelbhis 13). T h ~ s  accords 

A .  

~ v i t h  the  observation that Didelphis young 
remain attached to the  teat longer and are 
hveaned m ~ ~ c h  later than Monoclelphis young. 

Do rates of maturation also differ? My 
observations o n  skeletal maturation in Mo- 
noclelpilis (4-5) agree closely with those of 
Smith (6)  and van Nievelt, but we disagree 
o n  the  titning of m a t ~ ~ r a t i o n  events in Di- 
deiphis. T h e ~ r  statements about Diclelphis are 
based o n  a study by Nesslinger (7 ) ,  who 
examined only wlhole speciiuens that were 
cleared and stained for bone (alizarin). As 
histology sho~vs, clearing and staining does 
not allowl one to detect bone a t  its earliest 
stages in  ontogeny. Nesslinger's specimens 
consisted of only road-k~lled and w ~ l d -  
caught Didelphts, so that chronological ages 
could only be approx~mated. More thor- 
ough studies o n  the  embryology of Didelphis 
18-1 1 ) were based o n  a collection of several 
h~lndred specimens raised by the  Wistar 
I n s t i t ~ ~ t e  In the  1930s. Histological section- 
ing of individuals of known ages ind~cates 
that,  insofar as the skeletons of Monoclelphis 
(4-6, 12)  and Didelphis (8-1 1 ) can be com- 
pared, they are virtually ident~cal  in t i l n~ng  
of maturation. 

For example, a synovial joint is present 
between the  Incus and malleus a t  birth in 
both Didelphis (1 9) and hlonodelphis (1 2) .  
Ossification of the  ectotympanic has begun 
by the  middle of the  second day in both 
species. In  Didelphis (10, p. 235) 

at 7 days rile tnan~iiblt. has a defin~re remporo- 
tnandihular arricularioli. . . the mandibular con- 
dyle contains a larger condylar carrilage nliich 
has developed between the ser.et~th and tifreentli 
day. It is rather large a i ~ d  is already ul~dergoing 
some ossificatioti . . . 

just as In Monodelphis ( 5 ,  6 ,  12).  Ossif~ca- 
tion of the  malleus has begun in both hlo-  
nodelphis (5) and Didelphis (10) by the  end 
of the  second week. By the  third week the  
incudo-malleolar joint is well formed and 
encloseil in a fibrous joint capsule in  both 
species. In  the  fourth week, about the  time 
of detachment, the  incuLlo-stapedial joint 
becotnes \\'ell formed and also enclosed in a 
fibrous joint capsule in both species. Over 
the  remainder of ontogeny, the  hones of the  
auditory chain in the  t ~ v o  didelphids share 
similar chronologies. h1y examination of 
the  surviving materials from the  'Xiistar col- 

lection and other large North  America~l  
skeletal collections of Didelbhis substanti- 
ates these observations (5) ;  I can find no  
support for the statement that "any glven 
event will occur 2 to  4 weeks later in  DI-  
delphis than 111 Monoclelphzs." Although di- 
delphid species have different growth rates, 
their chronologies of maturation are closely 
c o ~ n ~ a r a b l e .  

Last, the relation that I described be- 
tween the brain and ~ n i d ~ i l e  ear (4 ,  5) is one 
of relative groxth, not t i m ~ n g  of matura- 
tion. T h e  relative size of the  adult brain 
varles over more than an order of maonl- " 

tude amollg different inammalian species, 
hence mammals inust have widely varying 
rates of brain growth (13).  B L I ~  the  small 
tniddle ear ossicles are far less variable in  
size, their growth ceasing early in ontogeny 
as a constraint of their function in high- 
frequency audi t~on.  Reposition~ng of the 
auditory chain occurs 111 the  wake of con- 
t ~ n u e d  cerebral grolvth. Didelphids are 
among the least ence~hal ized mammals and 
offer the  most generalized examples of this 
relationsh~p. T h e  patterns of variability 
among other species are invariably superlin- 
posed upon a inore general pattern of d ~ f -  
ferential growth of the  brain and tniddle ear 
bones that is common to all mammals. 
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