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A GDP Dissociation lnhibitor That Serves as a 
GTPase Inhibitor for the Ras-Like Protein 

CDC42Hs 

Matthew J. Hart, Yoshiro Maru, David Leonard, Owen N. Witte, 
Tony Evans, Richard A. Cerione* 

Members of the family of Ras-related guanosine triphosphate (GTP) binding proteins 
appear to take part in the regulation of a number of biological processes, including cell 
growth and differentiation. Three different classes of proteins that regulate the GTP binding 
and GTP hydrolytic activities of the Ras family members have been identified. These 
different regulatory proteins inhibit guanosine diphosphate (GDP) dissociation (designated 
as GDls), stimulate GDP dissociation and GDP-GTP exchange (designated as GDSs), or 
stimulate GTP hydrolysis (designated as GAPS). In the case of the Ras-like protein 
CDC42Hs, which is the human homolog of a Saccharomyces cerevisiaecell division cycle 
protein, the GDI protein also inhibited both the intrinsic and GAP-stimulated hydrolysis of 
GTP. These findings establish an additional role for the GDI protein-namely, as a gua- 
nosine triphosphatase (GTPase) inhibitory protein for a Ras-like GTP binding protein. 

T h e  GTP binding and GTP hydrolytic ma1 regulation and function. The exchange 
(GTPase) activities of the Ras-like GTP of bound GDP for GTP is influenced by 
bindine moteins are essential for their nor- GDS proteins, which stimulate GDP disso- 
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the GDI protein (3). The latter protein 
appears to be structurally very similar, if not 
identical, to a protein that attenuates the 
dissociation of GDP from the Rho (2, 7) 
and Rac (8) GTP binding proteins. 

The regulatory effects of GDI on the Rho 
protein may result from a specific interaction 
between the GDI protein and the GDP- 
bound form of Rho (2). However, the GDI 
protein elicits a weak but measurable 
(-10%)' inhibition of the dissociation of 
guanosine-5'-0-(3-thiotriphosphate) (GTP- 
y-S) from CDC42Hs (3) and causes the 
release of the GTP-y-S-bound CDC42Hs 
(as well as the GDP-bound CDC42Hs) from 
membranes (3). This raised the question of 
whether the GDI protein might alter func- 
tional properties of the GTP-bound 
CDC42Hs species. The results presented 
below demonstrate an additional regulatory 
activity for the GDI protein-specifically, 
the inhibition of the GTP hydrolytic activity 
of CDC42Hs. 

Figure 1A shows that in the presence of 
GDI (-1 pg), the rate, of the intrinsic 
GTPase activity of the platelet CDC42Hs 
(-0.2 pg) was significantly inhibited. After 
12 min at room temperature, less than 40% 
of the bound [y-32P]GTP was hydrolyzed by 
CDC42Hs in the presence of the GDI pro- 
tein, whereas greater than 70% of the GTP 
was hydrolyzed by CDC42Hs in the absence 
of the GDI protein. The GDI protein also 
inhibited the rate of the GTPase activity of 
CDC42Hs that had been stimulated by the 
human platelet CDC42Hs-GTPase activat- 
ing protein (GAP) (9). When an identical 
set of experiments was performed with 
[cx-~'P]GTP, there was no difference in the 
amount of labeled GTP that remained asso- 
ciated with the platelet CDC42Hs in the 
presence or absence of the GDI protein or 
the platelet CDC42Hs-GAP (Table 1). 
These results indicated that the effects of the 
GDI and CDC42Hs-GAP proteins on the 
association of labeled GTP were in fact 
specific for the hydrolysis of GTP [and the 
release of inorganic phosphate (3ZPi)] and 
did not reflect changes in the rate of disso- 
ciation of GTP. We find a similar inhibition 
of the GTPase activity of CDC42Hs by the 
GDI protein (1 0) when the CDC42Hs was 
denatured with 10% trichloroacetic acid be- 
fore quantitation of the release of 3ZPi by 
extraction with ammonium molybdate and 
isobutanol plus benzene (1 1). This indicates 
that the GDI protein inhibits the GTP 
hydrolytic event and not the release of 3ZP 
from CDC42Hs. 

The inhibition of the GTPase activity 
by the GDI protein was assayed in ~arallel 
with the inhibition of [3H]GDP dissocia- 
tion throughout the purification of the GDI 
protein from bovine brain cytosol. At all 
stages of the purification, the inhibition of 
the intrinsic GTPase activity of CDC42Hs 
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directly overlapped w i th  the inh ib i t ion o f  
[3H]GDP dissociation. This purification 
yielded a single protein w i t h  an apparent 
molecular size o f  28 kD (Fig. lA, inset). 

W e  have expressed the GDI protein as a 
glutathione-S-transferase (GST) fusion 
protein in Escherichia coli (3), and we find 
that the recombinant GST-GDI  protein 
acts as a GTPase inhibi tor in a manner 
identical to  the purified brain GDI (1 0). 
Essentially identical results also were ob- 
tained when the CDC42Hs expressed in 
Spodoptera frugiperda cells was substituted 
for the CDC42Hs protein from human 
platelets (10). However, this was n o t  the 

case when the E. coli-expressed CDC42Hs 
was used. Neither the intrinsic GTPase 
activity o f  the E. coli-expressed CDC42Hs 
nor  the CDC42Hs-GAP-stimulated 
GTPase activity was inhibi ted by the GDI 
protein (Fig. 1B). The inabil ity o f  the GDI 
protein to  influence the GTPase activities 
o f  the E. coli-expressed CDC42Hs i s  con- 
sistent w i th  earlier findings that demon- 
strated that the GDI protein was ineffective 
in the attenuation o f  G D P  dissociation 
from the E. coli-CDC42Hs protein (3). 
These results suggest that a posttranslation- 
a1 modification (such as geranylgeranyla- 
tion) o f  CDC42Hs, which cannot occur in 

Fig. 1. Time courses for the intrinsic and GAP- 
stimulated GTP hydrolytic activity for the A Mono-Q- 
CDC42Hs protein in the presence and absence 

purified GDI 

of the GDI protein. (A) Measurements of the 
GTP hydrolytic activity of the human platelet 
CDC42Hs. The CDC42Hs protein and the 
CDC42Hs-GAP were purified from human 
platelets as described (9). The GDI protein was 2 0.8 21 kD- 
isolated from bovine brain cytosol (3), and its 
GTPase inhibitory activity was used as an as- 
say for purification (29). The platelet CDC42Hs 8 
(6.5 kg) was incubated with 6 kM [y-32P]GTP 0.6 

(41.6 Cilmmol) in a final volume of 115 PI of a O 

solution that also contained 15 mM tris-HCI (pH 0 

7 9 ,  0.3 mM 5'-adenylylimidodiphosphate E 
(AMP-PNP), 5 mM MgCI,, 0.75 mM DTT, 0.75 0.4 - 
mM EDTA, 75 mM potassium phosphate, and \, (-)GAP, I-)GDI 

0.35% CHAPS for 5 min at room temperature. ; '\ 

Portions (4 ~ 1 )  from this binding incubation 0.2 - - 
were then assayed for GTP hydrolytic activity 
for the indicated periods of time in the presence 
(open squares) and absence (closed squares) 
of the CDC42Hs-GAP protein (-1 ng) or in the 0.0 - I I 

presence of the GDI protein (1 kg) alone 5 10 
(closed circles) or with the CDC42Hs-GAP Time (mln) 
(open circles). All assay solutions that lacked I 

the CDC42Hs-GAP contained an equivalent B I 

amount of the GAP storage buffer [20 mM tris 1 .om - 
HCI (pH 7.5), 1 mM EDTA, 1 mM DTT, and 
0.1% CHAPS], and all assays that lacked the 
GDI protein contained the GDI storage buffer 
120 mM Na-MES (pH 6.1), 1 mM EDTA. 1 mM 0.8 
DTT, 100 mM NaCI, and 0.1% CHAPS]. The n 
GTP hydrolytic activity is represented as the 5 \ 
loss of bound radioactivity (32Pi released as a E 
consequence of GTP hydrolysis) from 0.6 
CDC42Hs. (Inset) SDS-polyacrylamide gel 
(10%) electrophoresis of the purified GDI (1.5 
kg) used in these experiments. Molecular size 8 
standards are shown on the left. (B) Measure- 5 0.4 
ments of the GTP hydrolytic activity of g 
CDC42Hs expressed in E. coli. The CDC42Hs 
protein was expressed from the PET-3A ex- 
pression vector under the control of the T7 0.2 
promoter and then purified (9). The CDC42Hs 
was incubated with [y-32P]GTP, as described in 
(A), and portions from this binding incubation 
were assayed for GTP hydrolytic activity in the 0.0 I 

presence (open squares) and absence (closed 5 10 
squares) of the CDC42Hs-GAP (-1 ng), in the Time (mln) 

presence of GDI protein (1 kg) alone (closed circles), or in the presence of both GDI and 
CDC42Hs-GAP (open circles). In both (A) and (B), the data points represent the average of 
duplicates (the range of the determinations is indicated by error bars; the lack of error bars indicates 
that the duplicates fell within the range covered by the symbols). 
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E. coli, may be essential for this G T P  
binding protein to  bind the GDI protein. 
Further evidence that the same binding 
interaction between the GDI and the 
CDC42Hs proteins was responsible for the 
inh ib i t ion o f  G D P  dissociation and G T P  
hydrolysis was obtained from direct compar- 
isons o f  the dose-response profiles for these 
GDI-mediated effects o n  the human plate- 
le t  CDC42Hs protein (Fig. 2). 

The  effects o f  the GDI protein o n  the 
GTPase activity o f  CDC42Hs were exam- 
ined in the presence o f  varying amounts o f  
the platelet CDC42Hs-GAP. The platelet 
G A P  (0.25 to  1.25 ng) stimulated G T P  
hydrolysis in a dose-dependent manner 
(Fig. 3A) .  W h e n  the same amounts o f  the 
platelet G A P  were assayed in the presence 
o f  GDI (0.2 k g  and 0.5 kg), the extents o f  
the stimulation o f  G T P  hydrolysis by 
CDC42Hs-GAP were significantly reduced. 
However, by  further increasing the amount 
o f  the platelet CDC42Hs-GAP (from 2.5 to  
12.5 ng), we overcame the GDI-mediated 
inh ib i t ion o f  G T P  hydrolysis (Fig. 3B). 
These results suggest that the platelet 
CDC42Hs-GAP and the GDI protein may 
compete for a common binding domain o n  
CDC42Hs. 

The  platelet CDC42Hs-GAP has bio- 
chemical properties (9) that are similar to  
those o f  the spleen Rho-GAP (12) and 
appears to  be a member o f  a subgroup o f  
G A P S  (13, 14) that includes the Bcr pro- 
tein, a cytoskeleton-associated protein o f  
160 kD [which as an outcome o f  chromo- 
somal translocation i s  fused to the Abl 
tyrosine kinase (15)], chimerin, an -34-kD 

Table 1. Comparisons of the effects of GDI on 
the [y-32P]GTP-bound and [a-32P]GTP-bound 
CDC42Hs. The platelet CDC42Hs and the 
platelet CDC42Hs-GAP were purified as out- 
lined in Hart et a/. (9). The brain GDI was 
purified as described (Fig. 1A). The platelet 
CDC42Hs (6.5 kg) was preloaded with 
[Y-~~P]GTP or [a-32P]GTP (Fig. lA ) ,  and then 
the amount of the radiolabeled GTP that re- 
mained bound to the CDC42Hs, after a 5-min 
incubation at room temperature in the absence 
or in the presence of the CDC42Hs-GAP or 
GDI, was determined (9). The relative amount 
of [y-32P]GTP or [a-32P]GTP still bound to the 
platelet CDC42Hs in the absence of the GAP or 
GDI proteins was set at 1.00. All data represent 
the average determinations from two assays 
(the ranges are indicated), and all values are 
expressed relative to the average amount of 
radiolabeled GTP bound to CDC42Hs alone. 

Sample Bound Bound 
[y-32P]GTP [c~-~'P]GTP 

CDC42Hs 1 .OO * 0.001 1 .OO ? 0.020 
CDC42Hs + GDI 1.63 ? 0.040 1.07 ? 0.035 
CDC42Hs + GAP 0.26 ? 0.070 1.03 ? 0.005 
CDC42Hs + GDI 1.32 ? 0.010 1.03 ? 0.005 

+ GAP 



protein from human brain (16), and the 
Ras-GAP binding protein p190 ( 1  7). The E. 
coli-expressed, COOH-terminal portion of 
the Bcr protein, which includes a region of 
similarity to the Rho-GAP, functions as a 
GAP for the Racl GTP binding protein 
(13). We found that the full-length Bcr 
protein, when overexpressed in S. frugiperda 
cells, acted as a GAP for CDC42Hs (Table 
2). Therefore, we determined whether the 
GDI protein could influence the Bcr-stimu- 
lated GTPase activity of CDC42Hs. As with 
the platelet CDC42Hs-GAP, the Bcr-stim- 
ulated GTPase activity of CDC42Hs was 
inhibited by the GDI protein (Table 2). 

The GTPase activity of Ras and other 
members of the Ras family is an essential 
regulatory event, as evidenced by the find- 
ings that GTPase-defective forms of Ras are 
tumorigenic (18). Although a number of 
GAPS have been identified and character- 
ized for Ras and other members of this 
family (14), much less is known regarding 
regulatory proteins that prolong the GTP- 
bound state of the Ras family members by 
the inhibition of GTP hydrolysis. A Ras- 
GTPase inhibitory activity has been char- 
acterized in extracts from mouse brain (1 9), 
and a protein kinase C-sensitive Ras-GAP 
inhibitory factor has been postulated (20); 

Fig. 2. Dose-response profiles for the effects of 
the GDI protein on the dissociation of [3H]GDP 
and the hydrolysis of [y-32P]GTP. Purified 

87.5 . 
CDC42Hs from platelets (3.4 kg) was loaded .L 

with 8.0 kM [3H]GDP (12,. Ci/mmol) or with 6 ; '01 /- /'o 1 
pM [Y-3ZP]GTP (41.6 Cilmrnol) in a total volume 2 50 62.5 
of 65 ul of a solution that contained 14 rnM tris- rn .- c 

A 

(+) 0.2pg of GDI 
A 

C + 0.4 - 
K 

0.2 - 

HCI ( p ~  7.5), 0.3 mM AMP-PNP, 5 mM MgCI,, 2 do- 
0.70 mM DTT, 0.70 mM EDTA, 70 mM potassi- e 
urn phosphate, and 0.35% CHAPS for 10 min at 30- 

room temperature. Portions (4 kI) from these 0 

binding incubations were then assayed for 5 20' 
[3H]GDP binding in assay solutions (22-p1 total 
volume) that lacked MgCI, and contained the " '01 indicated amounts of brain GDI (open triangles) 

Fig. 3. Dose-response profiles for the GAP-stimulated GTP hydrolytic activity in the presence and 
absence of the GDI protein. (A) The GAP-stimulated GTPase activities of the platelet CDC42Hs 
were measured (after 7 min) over a range of 0.13 to 1.25 ng of the CDC42Hs-GAP from platelets. 
CDC42Hs was incubated with [y-32P]GTP, and the GTP hydrolytic activities were assayed as 
described (Fig. 1A). Closed triangles, GAP-stimulated activities measured in the absence of purified 
brain GDI; open triangles, GTPase activities assayed in the presence of purified GDI (0.2 kg); open 
squares, activities measured in the presence of purified GDI (0.5 kg).  (B) The GAP-stimulated 
GTPase activities of the platelet CDC42Hs measured over a range of 2.5 to 12.5 ng of the platelet 
CDC42Hs-GAP. Symbols are as in (A). 

(; , , , , , , , , , 

Q 
25.0 a -. 
12.5 8 

however, these regulatory factors have yet 
to be purified. The demonstration that a 
GDI protein also serves as a GTPase inhib- 
itor or a GIP for CDC42Hs has implications 
for a number of biological processes. It now 
seems likely that one or more of the Rho 
subgroup GTP binding proteins are in- 
volved in some aspect of cell growth, be- 
cause the dbl oncogene product serves as a 
GDS for CDC42Hs and a second oncogene 
product (that is, Vav) (2-1) contains a 
dbl-like domain (22). In addition, different 
members of the Rho-GAP family (such as 
Bcr and p190) are suspected to be involved 
in cell growth pathways, and recently the 
Rho GTP binding protein has been impli- 
cated in growth factor-stimulated forma- 
tion of actin stress fibers (23). whereas the 

or were assayed for [Y-~,P]GTP hydrolytic ac- 0.0 0.40 0.80 1.20 1.60 2.00 

tivity (closed triangles) as described (Fig. 1A). GDI @g) 

The effect of GDI is plotted as the percentage of [3H]GDP that remained bound to CDC42Hs or the 
percentage of [y-32P]GTP that remained bound (as an outcome of the inhibited release of 32P,) as 
a function of the amount of GDI protein added to the mixture. All data points represent the average 
of duplicates with the range of the determinations indicated by the error bars. The lack of error bars 
indicates that the duplicates fell within the range covered by the symbols. 

~ , ,  

Racl protein has been implicated in growth 
factor-stimulated membrane ruffling (24). 
It seems possible that GDI-GIP serves as a 
shuttle molecule that directs the movement 
of CDC42Hs or a related Rho subgroup 
protein between a site at a membrane or 
cytoskeletal location (where guanine nucle- 
otide exchange can occur) and a GAP 
target site (where GTP hydrolysis occurs). 
The multiple regulatory activities of GDI- 

Table 2. Effects of the GDI protein on the 
Bcr-stimulated GTPase activity of CDC42Hs. 
The platelet CDC42Hs was purified from human 
platelets (9), and GDI was purified from bovine 
brain (Fig. 1A). The platelet CDC42Hs (4 kg) 
was incubated with [y-32P]GTP, and then the 
amount of labeled GTP that remained bound to 
CDC42Hs after the indicated times (at room 
temperature) was measured in the absence or 
in the presence of S. frugiperda (Sf9) cell 
lysates that expressed the cDNA for full-length 
bcr or in the absence or presence of GDI. The 
expression of the Bcr protein in Sf9 cells and 
the preparation of cell lysates were done as 
described (28). We assayed GTPase activity 
by adding an aliquot (4 kI) from the initial 
[y-32P]GTP-CDC42Hs binding incubation to an 
assay solution (21 kI) that included 1.5 PI of the 
insect cell lysates that expressed Bcr (that is, 
-45 ng of Bcr protein estimated by comparison 
of protein staining of insect cell lysates ex- 
pressing Bcr with that of known amounts of 
protein standards). The indicated ranges were 
obtained from two GTPase assays. All data are 
expressed relative to the amount of [r-32P]GTP 
bound to the platelet CDC42Hs before it was 
added to the GTPase assay (that is, at time = 0 
min). 

Relative 

Sample 
Time amount of 
(min) bound 

[y-32P]GTP 

CDC42Hs 0 1 .O 
CDC42Hs 4 0.49 ? 0.015 
CDC42Hs + Bcr 4 0.08 ? 0.003 
CDC42Hs + Bcr + GDI 4 0.74 ? 0.01 1 
CDC42Hs 12 0.21 2 0.005 
CDC42Hs + Bcr 12 0.07 +- 0.016 
CDC42Hs + Bcr + GDI 12 0.41 2 0.003 
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GIP would be well suited for such a function. 
For example, the ability of GDI-GIP to stirn- 
ulate the release of CDC42Hs from mem- 
branes could serve to initiate the cycling of 
this GTP binding protein between different 
cellular compartments, and its ability to in- 
hibit GDP dissociation as well as GTP hy- 
drolysis would insure that CDC42Hs remains 
in the GDP- or GTP-bound state while in 
transit to these locations. Recently, the GDI 
protein has been shown (25) to be part of a 
cytosolic complex with the Rac GTP binding 
protein involved in superoxide production in 
neutrophils (25-27). This raises the question 
of whether the GDI protein functions both in 
the assembly of this complex and in the 
maintenance of the activation of the reduced 
nicotinamide adenine dinucleotide oxidase by 
preserving the GTP-bound state of Rac. 
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fractions were obtained by homogenization of 
bovine cerebral tissue (70 g) in 250 ml of TED [25 
mM tris-HCI (pH 8.0), 1 mM EDTA, and 1 mM 
dithiothreitol (DTT)] containing 0.25 mM phenyl- 
methylsulfonyl fluoride (PMSF), leupeptin (5 kg/ 
ml), aprotinin (5 pglml), and pepstatin A (2 pglml). 

The membranes were removed by centrifugation at 
30,000g for 30 min. Ammonium sulfate was added 
to the supernatant to 40% saturation, stirred for 30 
min, and centrifuged at 11,300g. The supernatant 
was removed, ammonium sulfate was added to 80% 
saturation, and the mixture was centrifuged again at 
11,300g. The pellet, which represented the 40 to 
80% ammonium sulfate fraction, was dissolved in 20 
ml of TED containing 0.25 mM PMSF, leupeptin (5 
pglml), and aprotinin (5 kglml). CDC42Hs-GDI ac- 
tivity, as assayed by the inhibition of the dissociation 
of labeled GDP (Fig. 2) ( 3 ) ,  was present in the 40 to 
80% ammonium sulfate fraction. The redissolved 
pellet was then dialyzed against 1 liter of TED (two 
changes) for 20 hours. The dialyzed sample was 
then applied to a DEAE Sephacel (Sigma) column 
(2.5 cm x 15 cm) equilibrated in TED buffer. The 
protein was eluted with a 400-ml gradient of 0 to 300 
mM NaCI. The peak in GDI activity eluted at approx- 
imately 175 mM NaCI. GIP activity was also detect- 
ed in these peak fractions. The peak in GDI activity 
was pooled (-60 ml) and concentrated to 10 ml. 
Half of the concentrate was dialyzed in a solution 
that contained 350 ml of bis[2-hydroxyethyllimino- 
tris[hydroxymethyl]methane, 2-bis[2-hydroxyethyll- 

amino-2-[hydroxymethyl-l,3 propanediol (Bis- 
Tris) (pH 7.0), 1 mM EDTA, and 1 mM DTT 
(BIS-TED) supplemented with 0.1% CHAPS and 
5% glycerol. This dialysate was applied to a 
Pharmacia fast protein liquid chromatography 
(FPLC)-Mono Q column (HR 515) equilibrated in 
BIS-TED containing 0.1% CHAPS. The protein 
was eluted with a 30-ml gradient of 0 to 500 mM 
NaCI. GDI and GIP activity co-eluted at approx- 
imately 175 mM NaCI. The peak in GDI-GIP 
activity was pooled and dialyzed against MED 
[20 mM Na-2-(N-Morpholino)ethanesulfonic acid 
(Na-MES) (pH 6.1), 1 mM EDTA, and 1 mM DTT] 
containing 0.1% CHAPS and 5% glycerol and 
injected onto a Pharmacia FPLC-Mono S (HR 
515) column equilibrated in MED and 0.1% 
CHAPS. The protein was eluted with a 25-ml gradi- 
ent of 0 to 500 mM NaCI. The peak in GDI activity 
and GIP activity co-eluted at 80 mM NaCI. 
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Selecting T Cell Receptors with High Affinity for 
Self-MHC by Decreasing the Contribution of CD8 

Linda A. Sherman,* Sabine V. Hesse, Michael J. Irwin, 
Drake La Face, Per Peterson 

Selective events during T cell repertoire development in the thymus include both the 
positive selection of cells whose receptors recognize self-major histocompatibility complex 
(MHC) molecules and negative selection (tolerance) of cells whose interaction with self- 
MHC is of high affinity. The affinity of T cell interactions with class I MHC molecules includes 
contributions by both the T cell receptor and the CD8 coreceptor. Therefore, by decreasing 
the affinity of the interaction with CD8, T cells whose receptors have relatively high affinities 
for self-MHC may survive negative selection. Such T cells were generated and those T cells 
reactive with self-MHC plus antigen also displayed low affinity for self. 

T h e  affinity of a T cell for class I MHC is 
attributable to binding by both the clono- 
typic portion of the T cell receptor (TCR), 
which binds allele-specific portions of the 
highly polymorphic 1xl,1x2 domains of class 
I and its associated peptide ligand, and the 
CD8 coreceptor that specifically binds a 
nonpolymorphic region within the 1x3 do- 
main of the same class I molecule (1-3). 
During maturation in the thymus it is this 
combined affinity that determines the fate 
of the developing T cell. In order for a 
thymocyte to develop into a functional 
CD8+ T cell, its clonotypic receptor must 
recognize a self-class I MHC molecule ex- 
pressed on the thymic epithelium (positive 
selection) (4). Presumably, this maximizes 
the probability that T cells will recognize 
foreign antigens presented by self-MHC 
molecules. However, all T cells that are 
potentially autoreactive by the criteria that 
they have sufficiently high affinity for the 
selecting MHC molecule to permit stimu- 
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lation in the absence of foreign antigen 
must be eliminated before maturation (5). 
This paradox has been reconciled by pro- 
posing that thymic selection permits matu- 
ration of cells with 'low affinity, yet elimi- 
nates cells with no affinity or high affinity 
for self-MHC. Although numerous experi- 
ments using TCR transgenic lines (4, 5) 
and CD8 transgenic lines (6) have shown 
the validity of a number of predictions 
based on such an affinity model of thymic 
selection, by definition the affinity of the 
TCR for the syngeneic restriction molecule 
must be below the threshold necessary for 
detection of a response and, therefore, di- 
rect evidence for such affinity has been 
difficult to obtain (7). 

Now we describe a situation in which a 
human class I molecule (HLA-A2) for 
which the affinity of interaction with mu- 
rine CD8 is suboptimal (8-1 l ) ,  has been 
used to study the effect of decreased CD8 
interaction on the resultant A2-restricted T 
cell repertoire. This is contrasted with the 
A2-restricted repertoire that develops in 
response to positive selection by the chi- 
meric A2/Kb molecule that contains a mu- 
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