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Summary The molecular requirements for recognition of antigen-modified cells by cytotoxic T
lymphocyte precursors (CTLp) and their activated progeny, cytotoxic T lymphocytes (CTL), have
been compared using haptenated stimulator and target eells. The antigen density requirements of T
cell recognition by fluorescein-speeific CTLp and CTL derived both from naive mice and from
animals previously primed/>( v/TO were determined. The cell surface hapten concentration required to
stimulate CTLp cannot be distinguished from that required on target cells for lysis by their mature
daughter CTL 5-7 days later. However, ifthe CTL (and their prectirsor CTLp) are derived from mice
primed in vivo with ha pt en-conjugated cells, they require lower cell surface hapten densities for
recognition than do the analogous T cell populations from naive animals. Thus, the maturation of
CTLp inio CTL during 5-7 days in vitro does not result in any functionally relevant change in the
nature or density of antigen receptors on the surface of the T cell. This is in contrast to the apparent
seleetion which occurs over longer time periods in vivo following priming.

INTRODUCTION

immunological tnemory is defitied as the ability
of the immune system to respond more effec-
tively following a second as compared with a
first exposure to antigen. Although an enhanced
secondary response was first observed in studies
of antibody production in vivo (1). it is now
clear that some antigen-specific cylolytic T
lymphocyte (CTL) populations also acquire
many of the expected properties of a memory
cell pool, such as an increase in the number
of antigen-specific cells and in their apparent
affinity for antigen (2,3)- For example, the
frequencies of cytolytic T lymphocyte precur-
sors (CTLp) specific for the male H-Y antigen or
viral antigens increase more than 10-fold
following immunization (2,4-7), whereas the
increase in frequency of allospecific CTLp after
in vivo pritning is much more modest (less than

Correspondence: J. A. Owen. Department of Biol-
ogy. Haverford College, Haverford. PA 19041. USA.

Ahbreviaiiom used in ihis paper: CTL, eytotoxic T
lymphocyte; CTLp, cytotoxic T lymphocyte precursor
5-FITC. 5-fluorescein isolhiocyanate; TNBS, trinitro-
benzenesulfonate; PBS. phosphate buffered saline;
WM, washing medium or Dulbecco's Modified Eagle's
medium supplemented with 5% fetal bovine serum;
SDS. sodium dodecyl sulfate; Con A. concanavalin;
i,p,, inlraperitoneal; i.v., intravenous.

threefold) (2). In addition, there is an apparent
increase in the proportion of high affinity CTLp
after in vivo immunization (4,8).

A considerable amount of useful information
about the CTL repertoire has been obtained by
studies of the allogeneic response (2). However,
a drawback of the allogeneic response as a model
system for the investigation of T ceil memory is
that it is not possible to alter the target cell sur-
face antigen concentration. A number of labora-
tories, therefore, turned to hapten-specific CTL
systems in order further to explore the difier-
enees in antigenic requirements between pri-
mary and secondary CTL. The minimum hapten
concentrations necessary for the stimulation of
immune versus non-immune CTL were com-
pared and the ability of secondary CTLp to be
stimulated by lower concentrations of antigen
than are required to trigger primary precursor
cells was implied (9-11).

The purpose of our experiments was to further
define the mechanisms which give rise to this
apparent increase in the affinity of secondary as
compared with primary CTL populations. We
find that the change is dependent upon in vivo
factors which are not reproduced in 5-7 day cul-
tures in vitro even when every effort is made to
optimize the help signals.

The fluorescein hapten model system was
chosen in these experiments as the amount of
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hapten on the cell surface can be easily adjusted
merely by altering the hapten concentration in
the reaction solution and can readily be quanti-
tated by flow cytometric measurements. Excess
help was provided in the form of a concanavalin
A-stimulated rat spleen cell supernatant (Con A
SN) and the cultures were depleted of adherent
cells in order to minimize the amount of antigen
reprocessing which can occur in vitro. Finally,
we have used the same cell type, the mastocy-
'oma cell line P815. for the stimulation and lysis
stages of our measurements in order to facilitate
a more direct comparison of hapten density
requirements for recognition by CTLp and their
daughter CTL.

Using this experimental system, we were
therefore able to eliminate altemative expla-
nations for the differences between primary and
secondary CTL populations which could poten-
tially blur the interpretation of previous exper-
iments of this nature. We eliminated the possi-
bility of the main diiference occurring at the
level of the T helper rather than the cytotoxic T
cell populations by maximizing the availability
of T cell help during the 5-7 day in vitro culture
period. However, it was not possible, by this
strategy, to manipulate potential differences
between primary and secondary T helper cells
acting in vivo prior to excision of spleens for cul-
ture. In addition, we were not dependent on
measuring only that subset of antigen-specific
CTL having the highest affinity for antigen,
since we compared the average avidity of our
CTL populations, and not the minimum con-
centration of hapten necessary to facilitate lysis.
Finally, we searched for. but failed to find dif-
ferences between the recognitive capacities of
CTLp and their daughter CTL.

MATERIALS AND METHODS
Mice

Six to eight week old Balb/c mice were purchased
from Jackson Laboratories. Bar Harbor, Maine.

Antigens
5-Fluorescein isothiocyanate (5-FITC) was ob-

tained from Molecular Probes, Junction City, Oregon
or from Sigma Chemical Co.. St Louis. MO. A fresh
stock solution of 4 mg/mL in dimethylformamide was
made up weekly. Immediately prior to cell conju-
gation, the stock solution was diluted in warmed phos-
phate buffered saline solution supplemented with 16
mmol/L borate (PBS borate) at pH 90.

Preparation of stimulator cells
P815 mastocytoma ceils were used as stimulator and

target cells throughout this series of experiments. Cells

to be used as stimulators in bulk eullures were treated
with 25 ng/mL of mitomycin C (Sigma Chemical Co,
St Louis, MO) for 45 min at 37°C at a concentration of
10 X 10'' ce!ls/mL. They were washed twice with PBS
enriched with 5% fetal bovine serum (washing
medium or WM) and a ihird time with PBS pH 7 0.
The ceils were resuspended quickly in prcwarmed PBS
borate at pH 9 0 and an equal volume of warm PBS
borate containing the appropriate concentration of 5-
FITC was added. Where different eoneentrations of 5-
FITC were used, the dilution series was made in
dimethyl-formamide (DMF) so lhat the DMF eoneen-
tration remained constant for every 5-FITC eoneen-
tration. At the end of the incubalion, a five-fold excess
of cold PBS plus 0-5% bovine serum albumin was
added to quench the reaction and the cells were
quiekly centrifuged. They were then washed three
times in WM and counted.

Immunization protocol
Miee were immunized intraperitoneally (i.p.) with

10 X 10^ mitomyeinC treated spleen eells conjugated
with a solution of 50 jig/mL 5-FITC. Control exper-
iments compared the efficiency of priming i.p. versus
intravenously (i.v.) and determined that there was no
difference in priming efficiency between the two
routes, that optimal priming was achieved with 10 X
10̂  spleen cells and that some enhancement of respon-
siveness eould be achieved following immunization
with as few as 300 000 cells. Animals were used as sec-
ondary donors no sooner than 3 weeks after in vivo
priming.

Preparation ofresponder cells
Responder cells to be stimulated with P815s in cul-

tures were first depleted of adherent cells in order to
minimize reprocessing of the stimulating antigen by
macrophages. The maerophage depletion was effected
by passing each responder population (hrough two
successive Sephadex GIO columns pre-equilibrated
with WM. Depleted cell populations were then washed
and counted.

Set-up of cultures
Cultures were set up as described previously (13}. I n

all experiments, the cullure medium was further
enriched by the addition of 25% Con A SN and a-
methyl mannoside (tO mg/mL).

Release as.my
Chromium Release assays of CTL generated in bulk

cultures were conducted exactly as described pre-
viously (13). Cell lysis is expressed as a percentage of
5'Cr release relative to non-specific spontaneous
release in medium alone (SR) and total release in the
presenee of detei^ent (TR). Per eent speeifie lysis was
ealculated as per the formula:

% specific 5iCr release = |(ER-SR)/(TR-SR)tX 100

where ER is the ^'Cr release measured in the exper-
imental wells.
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Preparation of Con A SN
Con A SN was prepared precisely as described pre-

viously (5).

Determination ofthe per cent ofmonocytes in the
responder celt population pre- and posi-Sephadex
GIO passage

Samples of 5 X 10' spleen cells were labelled by
standard procedures prior lo passage through
Scphadcx GIO. following one passage and after two
successive passages through a GIO column, with
monoclonal antibodies lo the following antigens: F-
480, a mouse monocyte/macrophage-specific antigen
(15) and MACl (an antigen known to he present on
monocyte/macrophages. but also on granulocytes)
(16). Flow cytometric analysis was done on an Epics V
flow cytometer soner (Coulter Electronics Inc.
Hailcah. FL). The cytomeler was equipped with an
argon laser set at 500 mW power and 488 nm ex-
citation. Orange fluorescence was collected through a
570 nm long pass filter. The per cent of cells staining
with eacb of tbe markers was compared with the per
cent of tbe positive cells in the negative control,
stained only with tbe phycoerythrin-labelled second
antibody.

Determination ofthe number of fluorescein
molecules bound lo the surface ofP8I5 cells
followinfi conjugation with each of two different
5-FITC concentrations

SamplesofP815 cells were treated witb PBS borate
pH 9-0 containing 0 (control), 8 and 20 ng/mL of 5-
FITC under the usual conditions. Following tbree
washes, the celis were fixed with 2% para formaldehyde
in PBS BSA azide. Green fluorescence was measured
as previously described and collected through a 525
nm bandpass filler. The mean green fluorescence
channel of eacb cell population was determined and
compared with the mean fluorescence channels of
standard beads conjugated with known numbers of
fiuorescein molecules per bead. (Flow Cytometry
Standards Corporation, P,O, Box 12621 Research Tri-
angle Park, NC). Tbe mean number of fluorescein
molecules bound per ceil at the two different fluores-
cein concentrations was interpolated.

Analysis of data from antigen concentration
experiments with hulk cultures

By titrating tbe concentrations of 5-FITC used in the
conjugations of the stimulator or of the target cells
populations, curves of per cent specific lysis against
tbe conjugating 5-FITC concentration could be gener-
ated at eacb effect or-target ratio. When information
regarding the antigen concentration requirements for
target cell formation was being sought. CTL generated
by stimulation with P815 celis conjugated witb 200
(jg/mLof 5-FiTC were tested forlbeirability to lyse a
set of targets treated with different concentrations of
5-FITC. The per cent specific ^'Cr reiease measured
on control, unconjugated targets was subtracted from
tbat obtained on each ofthe 5-FITC targets and then a
curve of per cent specific ^'Cr release against conju-

1 10 100

5-FlTC used in conjunailon (na'fTiL)

Fig. 1. Percent specific •'''Cr release from target cells,
conjugated with 5-FITC at the concentration shown
on the X-axis. Tbe per cent specific lysis of conlrol,
mock-conjugated targets by the same effector cell
population has been subtracted from each value. Tbe
responder lympbocytes were splenocytes from un-
immunized mice cultured in vitro for 5-6 days witb
mitomycin C-trcated P815 cells conjugated witb 200

of 5-FITC.

gating 5-FlTC concentration was plotted (Fig. 1). In
experiments designed to study the hapten concen-
tration requirements for stimulation ofthe CTLp. rep-
licate eultures were set up in which responder ceils
were mixed witb P8I 5 cells conjugated witb a range of
5-FITC concentrations. Foilowing in vitro stimuia-
tion, each culture was assayed on iioth 5-FlTC conju-
gated {200 |ig/mL) and control targets. The per cent
specific -̂ 'Cr release measured on tbe control targets
was then subtracted from tbat mediated on 5-FlTC
targets by tbe same effector population and a curve of
per cent specific lysis against conjugating fluorescein
concentration was constructed as before.

For each such experiment, tbe concentration of con-
jugating 5-FITC ibal gave rise to half-maximal respon-
siveness was determined. Tbis number is a useful
measure of tbe average functional affinity ofthe CTL
or tbe CTLp population under test. Half-maximal
values were determined only when ibc curve of lysis
versus 5-FlTC concentration clearly plateaued at bigb
5-FITC concentrations {as in Fig. 1). and individual
determinations of tbe conjugating concentration of 5-
FITC giving rise to balf-maximal lysis were made at
each effector-target ratio that was tested.

RESULTS

Adherent cell-depleted CTLp respond to 5-
FITC'Conjugated P815 cells in the presence of a
source of Interleukin 2

5-FITC-conjugated P81 5 cells were used both
as stimulators and as targets. In order to reduce
the probability of antigen being reprocessed and
presented to responding cells at effeclive con-
centrations quite different from those used in
the original conjugation reactionj the re-
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sponding splenic lymphocytes were depleted of
adherent cells by successive passages through
two Sephadex GIO columns. Flow cytometric
comparison of unfiltered cells and of cells
emerging from the columns, using the F/480 and
Macl monocyte markers showed that less than
0-3% of the cells which remain after two
Sephadex GIO passages were monocytes (data
not shown).

The response measured in these experiments
was H-2 restricted and 5-FITC specific. Little or
no lysis was seen of unconjugated P815 (H-2'')
targets, of P815 ceffs covaiently-coupled with
the comrol hapten trinitrobenzene sulfonate or
of EL4 (H-2^') ceffs conjugated with 5-FITC.

In the early phases of these experiments Con A
SN was routinely titrated to ascertain the opti-
mal levels of the supernatant required in the
culture. These varied between 15 and 25% for
different batches of supernatant. Twenty five
per cent Con A SN was therefore used in all the
experiments described in this paper. Additional
experiments demonstrated that 20 U/mL of
recombinant interIeuk:in-2 (IL-2) was capable of
substituting for Con A SN in bulk cultures.

Antigen density requirements for stimulator and
target cell recognition by unprimed CTL pre-
cursor cells and their immediate differentiated
progeny are indistinguishable

An important and thus far unresolved issue is
whether the CTL precursor and its activated
CTL progeny share the same antigen concen-
tration requirements for stimulation to differ-
entiation, and for mediation oflysis of the ap-
propriate target cells respectively. The hapten
density requirements for stimulation of CTLp
were compared with those for effective lysis by
mature CTL, following 5-6 days of stimulation
in vitro.

Fluorescein-specific CTL populations were
generated in vitro by co-culture with P815 cells

conjugated at 200 ^g/mL of 5-FITC and were
then tested for their ability to lyse a set of targets
treated with different concentrations of 5-
FITC.

Figure 1 shows an example of such a titration
of per cent specific-^'Crrelease versus increasing
concentration of conjugating 5-FITC. Lysis
measured on unconjugated target cells by the
same effector population has been subtracted
from each data point. Comparative values for
the hapten density requirements for stimulation
and target cell recognition were obtained by
determining the concentration of conjugating 5-
FITC that corresponded to half-maximal lysis of
labelled P81 5 target cells at each effector-target
ceU ratio (see Materials and Methods). In the
experiment of Fig. I, the half-maximal lysis con-
centration was !2-5^ig/mLnuorescein. In exper-
iments where tit rat ions were performed at
several effector-target cell ratios (usually 5:1,
10:1, 20:1 and 40:1). the half-maximal lysis
concentration was found to be independent of
effector-target cell ratios.

In a similar set of experiments, cells were incu-
bated with mitomycin C-treated stimulator
P815 cells which had been conjugated at differ-
ent concentrations of 5-FlTC. After 5-6 days in
culture, the cells were harvested and the capacity
of each population of cells to iyse targets conju-
gated at an optimal concentration of 200 ng/mL
of 5-FITC and unconjugated control targets
were measured. Alter subtraction of the control
lysis values, curves of per cent specific ^iCr
release were constructed and half-maximal
values of conjugating 5-FITC concentrations for
stimulation were determined as before.

The upper half of Table 1 compares the con-
jugation concentration of 3-FITC necessary for
half-maximal stimulation of naive CTLp with
that required 5-6 days later for half-maximal
lysis by fully differentiated CTL. These exper-
iments demonstrate that the antigen density
requirements for stimulation of CTLp are indis-

Table 1. Conjugating concentrations of 5-FITC resulting in half-maximal lysis by primary and secondary
FITC-specifie CTL.

CTL donor (naive
or immunized)

Cells coupled to
5-FITC

Mean 1/2 maximal 5-FlTC
for CTL activity

Range of 1/2 maximal
5-FITC (jig/mL)

Naive
Naive
Immunized
Immunized

Stimulator
Target
Stimulator
Target m

12-6-290+
15-6-400
4-8-112
70-10-2

•Interpolated from graphs as described in the text.
^Results represent data obtained in four (naive mouse, stimulator population), six (naive mouse, target eell

population), three (immunized mouse, stimulator population), and two (immunized mouse, target population)
experiments, respectively, at several different effector:target ratios per experiment.
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tinguishable from those necesssary for target cell
recognition by mature CTL derived from that
precursor population.

density requirements for stimulator and
target cell recognition by in w'wo-immunized
CTL precursors and their progeny CTL are indls-
tingiiishahlefrom one another, but differ from the
analogous requirements exhibited bv unprimed
CTL(p)

Comparable experiments were done to deter-
mine the hapten density requirements for stimu-
lator and target cell recognition by CTLp and
mature CTL derived from previously immu-
nized mice. The results of these experiments are
shown in the lower half of Table 1. The hapten
concentration requirements for stimulator and
target cell recognition were indistinguishable
from one another. However, they were signifi-
cantly lower than the corresponding values for a
naive animal. Indeed, there was no overlap
between the half-maximal values of 5-FITC con-
centrations required for stimulation or target
cell formation for immune versus those for naive
donors. (Student's /-test P values: Naive vs
immune cell requirements for stimulation are
the same; P<:000\; naive vs immune cell
requirements for target cell formation are the
same: /'<0005.)

These experiments clearly indicate that the
portion ofthe CTL receptor repertoire that is
specific for fluorescein in an immune mouse
exhibits a type of 'affinity maturation' when
compared with that found in a naive animal.

P8I5 cells conjugated at 8 and 20 ^g/mL of
Ouorescetn have demonslrably different levels of
Jluorescein bound lo their cell surfaces

To this point, measurements of 5-FITC con-
centration had all been pertinent to the conju-
gating concentrations of 5-FITC in solution.
Next, we determined how the amounts of fluor-
escein bound to the surfaces of the stimulator
and target cell populations varied with the con-
centrations of fluorescein used in the conju-
gation reactions.

Cells were conjugated at the two concen-
trations of 5-FITC which gave rise to half-max-
imal recognition by primary and secondary CTL
respectively. The cells were then fixed and
analysed on a flow cytometer in order to deter-
mine the numbers of molecules of fluorescein
bound per ceil. The instrument was calibrated
with control heads, which had known numbers
of bound fluorescein molecules. Table 2 shows
the results of two such experiments. The data

Table 2. Flow cytornetric measurement ofthe
number of fluorescein niolecules bound per P815
cell following conjugation of 80 or 200 ug/mL of
5-FITC

Calculated number of
Conjugating fluorescein molecules
5-FITC Mean integrated bound per cell
(Hg/mL) green channel (X lO-*)

Exp. 1.

Exp. 2.

•ND

0 0
8 0

2 0 0
0 0
8 0

2 0 0

= not

4
65

151
ND*

56
160

done.

2-0
21-0
48-2

18-2
51 I

show that, under these conditions, the mean
number of fluorescein molecules per cell
appeared to vary linearly with the hapten con-
centrations in the conjugating solutions.

DISCUSSION

The experiments reported in this paper clearly
demonstrate for the first time that there is no
measurable difference in the hapten density
required for effective stimulation of CTLp com-
pared with that necessary for the recognition of
su,sceptible target cells by their daughter CTL.
This result was somewhat unexpected given the
considerable differences between the size and
the metabolic activity of CTLp and differen-
tiated CTL.

For example, a decreased antigen concen-
tration requirement for lysis compared with that
needed forstimulation might have resulted from
the elaboration of new surface receptors on the
mature CTL induced by antigen- or lympho-
kine-induced triggering, resulting in a higher
degree of eflective receptor multivalency. A
similar result might have been expected if" the
triggering event had caused an increase in the
density of auxiliary structures such as Lyt2
molecules, which have been implicated in the
process of antigen recognition, at least by some
CTL clones (3,8).

Alternatively, an increased antigen concen-
tration requirement could have been interpreted
to suggest that, as the CTLp differentiated and
increased in size, the synthesis of new receptor
proteins fails to keep up with the increased sur-
face area of the cell and hence the density of
receptors would become reduced on the cell sur-
face. The simplest interpretation ofthe present
results is that the density of antigen receptor
molecules remains relatively constant upon
antigen-induced differentiation and, further,
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that the same 'avidity' of interaction suffices to
induce differentiation and to trigger the lytic
tnechanism.

We have also demonstrated that CTL and
their precursors taken from immune mice can
recognize cells conjugated with a lower cell sur-
face hapten concentration than can CTL and
CTLp from naive animals. Indeed, it was quite
striking that the ranges of half-maxitnal concen-
trations of 5-FITC required for recognition by
primary and secondary CTL, respectively, never
overlapped.

The interpretation of earlier, provocative
experiments leading to similar conclusions was
hampered by the lack of appreciation, at the
time they were conducted, of the need for T cell
help in the generation of CTL activity {9,11). In
addition the use of different cell types as stimu-
lator and target cells in earlier work rendered
difficult any comparison of the antigen density
requirements for stimulator and target cell for-
mation. In the current experiments, the antigen-
presenting cells were P815 mastocytoma cells,
which do not bear class 2 histocompatibility
antigens, and which therefore cannot present
antigen to class 2-restricted T helper cells.
Excess T cell help is provided in these cultures in
the form of Con A SN and the responder popu-
lations were depleted of monocytes before
addition to the cultures.

It should be noted that each of these exper-
iments entails a titration of stimulator or target
cell hapten concentration followed by a determi-
nation of the conjugation concentration of 5-
FITC required for half-maximal stimulation
and/or lysis. The values obtained therefore,
reflect an average 'avidity' of the CTL popu-
lation being measured. In contrast, previous stu-
dies have focused on determining the minimal
hapten concentration required for recognition
and thus their results will reflect only the con-
tribution of CTL with the highest "avidity' for
stimulator and target cells (9,10).

What might be the cellular and molecular cor-
relates of the observed changes in the recog-
nition requirements between primary and sec-
ondary fluorescein-specific CTL? Effects such as
those described in this paper could result from:
(i) clonal selection, such that those CTLp
expressed in the primary response which bear
receptor molecules with the highest affinity for
antigen are preferentially expanded on stimula-
tion and dominate the secondary response; (ii)
somatic mutation of T cell receptor genes, with
resultant selection by antigen for those receptors
which can recognize lower antigen concen-

trations; (iii) the use of different receptor genes
by primed as compared with unprimed T cells;
(iv) an increase in the cell surface density of anti-
gen receptors, or in the flexibility of their antigen
binding sites; (v) an alteration in the ease with
which a CTLp can be triggered or lytic activity
can be induced in a CTL which is unrelated to
the receptor molecule per se. but which may be
influenced by the cell surface density of other,
non-antigen specific moieties.

Each of these alternative interpretations can
be subject to experimental analysis, following
the generation of long-term CTL lines typical of
primary and secondary fluorescein-specific re-
sponses. Our current thinking favours the first
and simplest explanation ofthe observed results.
Although some authors have suggested that the
CTL antigen receptor might be particularly sus-
ceptible to frequent mutation (17,18). recent
genetic data imply that extremely low levels of
somatic mutation occur in T cell receptor genes,
suggesting that the high levels of mutation found
by others in in vitro systems may not accurately
reflect the in v/vo situation (19,20). We therefore
consider it to be unlikely that the differences
between the antigenic requirements for stimula-
tion of primary and secondary CTL result from
somatic mutation ofthe CTL receptor genes.

An additional possibility, that different recep-
tor genes may be utilized by primary and sec-
ondary CTL has been suggested by reports of the
analogous findings in a number of B lymphocyte
responses (21,22,23). It has also been shown that
differentiation from naive to memory T cells
appears to be accompanied by increased
expression of several surface molecules such as
LFA-1, LFA-3, CD2 and Ly24 (3.24). Such an
increase in cell surface antigen expression may
render memory cells more susceptible to acti-
vation signals.

The development of B cell memory is usually
associated with a marked increase in the
frequency of antigen-responsive cells. A similar
increase in the frequency of antigen-responsive
cells upon in vivo immunization has been
reported in the CTL response to influenza virus,
murine sarcoma virus and to other antigens (4-
7,25). It is, therefore, particularly interesting to
note in the context ofthe present findings that,
in preliminary experiments, the development of
a memory response to this haptenic antigen did
not appear to correlate with an increase in the
frequency of hapten-specific CTL.

The interpretation of hapten density data in
terms of their implication for T cell recognition
is complicated by the fact that T cells must bind
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to haptens which are covalently attached to resi-
dues of particular cell surface proteins, which in
turn must be reeognized in the context of histo-
compatibility antigens. The antigen that is being
titrated as cell surface hapten density is altered is
therefore a complex one and thus, not only the
density, but also the nature of the antigenic
determinants may be altering as tnore fluores-
cein is titrated into the conjugating solution.
This caveat must he applied to any interpret-
ation of such data in terms of possible increases

in the affinity of interaction between primary
and secondary CTL.
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