
furthermore, there was no change in the 
affinity of dopamine for the receptor 
regulating adenylate cyclase activity in 
these homogenates. Examination by the 
Falk-Hillarp technique of both substantia 
nigra from an additional rat which re- 
ceived a comparable injection of 6-hy- 
droxydopamine demonstrated that the 
experimental treatment destroyed the 
dopaminergic nigro-neostriatal neurons 
on the injected side of the brain. These 
data demonstrate that the dopamine- 
sensitive adenylate cyclase in the zona 
reticulata of the substantia nigra can be 
separated from the dopaminergic nigro- 
neostriatal neurons and, therefore, sug- 
gest that this enzyme activity is not 
associated with these cells. 

The presence in the substantia nigra of 
mechanisms (13) for both the uptake of 
dopamine and the potassium-stimulated, 
calcium-dependent release of dopamine, 
as well as the presence of dopamine re- 
ceptors on both the dopaminergic neu- 
rons (8) and other anatomically unde- 
fined cells (our results reported here) 
raises the possibility that within this re- 
gion of the brain dopamine may have a 
physiological role (or roles) similar to the 
roles of dopamine in the striatum, where 
the uptake, storage, and release of dopa- 
mine have been demonstrated and where 
both pre- and postsynaptic receptors for 
dopamine occur (7, 13, 14). Our results 
suggest that the substantia nigra might 
represent another site (in addition to the 
neostriatum) where either antipsychotic 
drugs or drugs used to treat Parkinson's 
disease could affect the regulation by 
dopamine of physiological activity in the 
extrapyramidal system (15). 
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tions (300 gtm) of rat brain; the zona compacta, 
zona reticulata, and pars lateralis of the sub- 
stantia nigra are the subdivisions of the sub- 
stantia nigra identified as regions 44, 45, and 46, 
respectively, by M. Palkovits, M. Brownstein 
and J. M. Saavedra [Brain Res. 80, 237 (1974)]. 
Tissue was homogenized in a solution of 2 mM 
tris(hydroxymethyl)aminomethane maleate (tris- 
maleate) (pH 7.4) and 2 mM EGTA ([ethylenebis 
(oxyethylenenitrilo)]tetraacetate). Adenylate cy- 
clase activity in homogenates was assayed in a 
mixture (final volume, 0.05 ml) containing 
(mmole/liter): tris-maleate,pH 7.4, 80; theophyl- 
line, 10; MgSO4, 6.0; EGTA, 0.8; and adenosine 
triphosphate (ATP), 1.5; 0.01 ml of tissue homog- 
enate containing approximately 10 p/g of protein; 
the test compounds were added at the concentra- 
tions indicated. The assay of enzyme activity was 
initiated with the addition of ATP; all samples 
were incubated at 30?C for 5 minutes in a shaken 
water bath. The incubations were terminated by 
placing the tubes in a boiling water bath for 2 min- 
utes. Under these assay conditions, the enzyme 
activity in all regions studied was proportionate 
to both the duration of the incubation at 30?C and 
the concentration of tissue homogenate. All 
salts were of reagent grade. Catecholamines 
were obtained from Sigma, Calbiochem, or Al- 
drich Chemical Company; chlorpromazine was 
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C-reactive protein (CRP) is a trace con- 
stituent of serum that was originally de- 
fined by its calcium-dependent precipi- 
tation with the C polysaccharide (CPS) 
of the pneumococcus (1). Its concentra- 
tion in the blood, which increases during 
the acute phase of febrile illnesses and a 
variety of tissue-destructive or inflamma- 
tory processes, has long served as a clini- 
cal indicator of these states (2). It has 
been reported that CRP binds selectively 
to 30 to 40 percent of human peripheral 
blood lymphocytes, and that the lympho- 
cytes to which the CRP binds are primari- 
ly T cells (3). This binding is associated 
with inhibition of the formation of T 
cell rosettes with sheep erythrocytes, 
the mixed lymphocyte reaction (MLR), 
and the generation of cytotoxic lym- 
phocytes (3, 4). By contrast, proliferative 
responses to the T cell mitogens phytohe- 
magglutinin (PHA) and concanavalin A 
(Con A) are unaltered (3, 4). Further, 
CRP by itself does not induce lympho- 
cyte blastogenesis, is not cytotoxic for 
lymphocytes in culture, and does not 
bind to lymphocytes with complement re- 
ceptors or surface immunoglobulin (3); it 
reacts with theta-bearing cells derived 
from mouse spleen but not from mouse 
thymus (4). Taken together, these find- 
ings suggested that CRP binds to and al- 
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ters the function of a certain fraction, but 
not all, of T lymphocytes. 

It seemed possible that the T cells 
binding CRP were cells at a particular 
stage in their reproductive cycle, cells 
that had been injured, or cells of a T cell 
subpopulation. To examine these possi- 
bilities, we studied the binding of CRP to 
human lymphoblasts obtained by stimu- 
lation with PHA, Con A, allogeneic 
cells, and purified protein derivative 
(PPD) of tuberculin. 

For these experiments, the CRP sub- 
strate CPS was obtained as described (5) 
from a capsulated pneumococcal variant 
(Cs), lyophilized, and stored until use. 
Purified human CRP was obtained by af- 
finity chromatography of ascites or pleu- 
ral fluids on CPS covalently bound to 
Bio-Gel according to a method pre- 
viously described (6); the CRP was then 
dialyzed against saline, sterilized with a 
Millipore filter, stored at 4?C, and used 
within 30 days. Lymphocytes were ob- 
tained by centrifugation of heparinized 
blood from normal human donors on Fi- 
coll-Hypaque; they were washed three 
times in RPMI 1640 medium containing 
Penn-Strep (50 /g/ml) and 10 percent 
heat-inactivated fetal calf serum (Inter- 
national Scientific Industries), and resus- 
pended to the appropriate concentration. 
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Binding of C-Reactive Protein to Antigen-Induced 
but Not Mitogen-Induced T Lymphoblasts 

Abstract. The C-reactive protein (CRP), an acute phase reactant which binds 
selectively to T (thymus-derived) lymphocytes, was found to bind to lymphoblasts 
formed upon stimulation with antigens but not with mitogens. Binding of CRP thus 
serves as a marker for antigen-reactive (-reacted) as opposed to mitogen-reactive 
(-reacted) T cells, suggesting that these represent separate subpopulations, and sup- 
ports the developing concept that CRP plays an important role in the regulation of 
responses critical to inflammation, host defense, and tissue repair. 
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The PPD-sensitized cells were obtained 
from donors showing delayed cutaneous 
reactivity to 5 tuberculin units of PPD. 
All cells (105 cells per well) were cultured 
in microplates, with 2 Al of PHA (PHA- 
P, Difco Laboratories) per well, 5 [/g of 
Con A (Nutritional Biochemical) per 
well, or 25 ,ug of PPD (Connaught Medi- 
cal Research) per milliliter. Unidirec- 
tional MLR's consisted of equal numbers 
of lymphocytes and allogeneic lympho- 
cytes inactivated by mitomycin C (Cal- 
biochem). Both stimulated and unstimu- 
lated cells were harvested as follows: on 
day 5 in experiments with PHA and Con 
A, day 6 with the MLR, and day 7 with 
PPD. 

The cells were washed three times in 
medium with fetal calf serum, incubated 
with purified CRP (50 Ag/ml) for 18 hours 
at 37?C in an atmosphere of 5 percent 
CO2, again washed three times with fetal 
calf serum medium, resuspended in 0.1 ml 
of PSB-BSA (0.01M phosphate-buffered 
saline,pH 7.2; 1 percent bovine serum al- 
bumin), and reacted with fluorescein- 
conjugated rabbit antiserum to human 
CRP (Behring Diagnostics) for 30 min- 
utes on ice. After three washings with 
PBS-BSA, the cells were examined 
(Leitz Orthoplan Photomicroscope) by 
incident light fluorescence with fluores- 
cein isothiocyanate and BG38 filters at a 

magnification of x400. Lymphoblasts 
were considered to be those cells measur- 
ing 12 to 18 j/m in diameter; cells mea- 
suring 5 to 8 ,tm in diameter were consid- 
ered to be nonlymphoblasts, while cells 
of intermediate size were not counted 
(7). The percentage of cells binding CRP 
was determined by relating the number 
of cells with fluorescence to the total 
number of cells seen on dark-field exami- 
nation. Routinely, 200 cells in each cate- 

gory were counted, and all experiments 
were performed in triplicate. 

We first sought to determine whether 

lymphoblasts as well as resting lympho- 

Fig. 1. Typical fluorescent staining of a 
lymphoblast and small lymphocyte from cells 
in a mixed lymphocyte reaction (MLR) which 
have been incubated with purified CRP (50 
r/g/ml) and reacted with fluorescein isothio- 
cyanate-conjugated rabbit antiserum to human 
CRP. The diameter of the lymphoblast is 15 
g/m and the small lymphocyte 6 /m (x 625). 

cytes were capable of binding CRP by ex- 
amining all the cells from cultures stimu- 
lated with T cell mitogens. The per- 
centages of blast cells staining for CRP 
after overnight incubation with CRP 
were only 5.2 percent in cultures stimu- 
lated with PHA and 4.1 percent in cul- 
tures stimulated with Con A (Table 1); 
these results were similar to those ob- 
tained by background staining. By con- 
trast, when the blast cells from MLR- 
and PPD-stimulated cultures were exam- 
ined, much higher proportions (22.5 per- 
cent and 26.8 percent, respectively) were 
found to be capable of binding CRP 
(Table 1). The lymphoblasts staining 
with CRP, like the resting cells staining 
with CRP in previous studies (3), showed 
patchy surface fluorescence which did 
not result in capping even after pro- 
longed incubations at 37?C (Fig. 1). The 
ratios of the percentages of blast to non- 
blast cells staining with CRP were 0.11 
on stimulation with PHA and 0.10 on 
stimulation with Con A; the ratios were 
0.55 in the MLR and 0.66 on stimulation 
with PPD. These differences were statis- 

tically significant with a P value of 

Table 1. Percentages of mitogen- and antigen-induced lymphoblasts binding purified human 
CRP. Washed lymphocytes from the respective cultures were incubated with CRP (50 tgg/ml) 
for 18 hours at 4?C, washed, and reacted with fluoresceinated rabbit antiserum to CRP; the per- 
centages of cells stained + 1 S.D. are indicated. Viability, as determined by trypan blue dye 
exclusion, ranged from 76 to 94 percent in all cultures, and no significant differences between 
the cultures were seen. Cells from four individuals were evaluated for responsiveness to PPD, 
and from ten individuals for responsiveness to the other agents, each with results similar to 
those shown in the table; all experiments were repeated at least in triplicate for each lympho- 
cyte donor. The last column shows the ratio of the percentage of blasts stained to the percentage 
of nonblasts stained. 

Non- Ratio of blasts 
Mitogen Unstimulated Lympho- lympho- to nonblasts 

or antigen cells blasts blasts stained 

PHA 38.7(+ 2.4) 5.2(? 1.9) 46.0(? 7.6) 0.11 
Con A 36.3 ( 1.7) 4.1 ( 2.0) 40.7 ( 2.0) 0.10 
MLR 36.0(+ 3.0) 22.5(+ 6.9) 41.0(+ 3.6) 0.55 
PPD 37.2(+ 4.4) 26.8(+ 2.2) 40.6 ( 2.2) 0.66 
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< .005 (Student's t-test). The differences 
in the percentages of blasts binding CRP 
between the two mitogen-stimulated cul- 
tures or between MLR- and PPD-in- 
duced reactions were not significant 
(P > .01). The percentages of CRP- 
staining nonblast cells (40 to 46 percent) 
were similar in each of the four stimulat- 
ed cultures and were significantly 
(P < .01) greater than the percentages 
(36 to 38 percent) of unstimulated cells 
staining with CRP. 

The specificity of the fluorescence was 
established by incubating cells with the 
CRP substrate, CPS (5 or 10 ltg/ml), or 
with unconjugated rabbit antiserum to 
human CRP, followed by incubation 
with the fluorescein-conjugated antise- 
rum to CRP; no fluorescent staining oc- 
curred under any of these conditions. 
When PHA was added to nonstimulated 
lymphocytes simultaneously with the ad- 
dition of CRP, a normal percentage (30 
to 40 percent) of CRP-binding cells was 
obtained, indicating that this mitogen did 
not inhibit binding of CRP. Cell viability 
was similar (76 to 94 percent) in all cul- 
tures. 

These experiments show that CRP re- 
acts preferentially with antigen-induced, 
as opposed to mitogen-induced, lym- 
phoblasts. They support previous obser- 
vations that CRP inhibits blastogenesis 
induced by allogeneic cells but not by 
mitogens in both human and murine sys- 
tems (3, 4) and binds with theta-bearing 
cells from mouse spleen (which show in- 
tense proliferative responses to alloge- 
neic cells) but not with theta-positive 
cells from mouse thymus (4) (which do 
not) (8). Additional support for the selec- 
tive binding of CRP to antigen-respond- 
ing T cells has been obtained by studies 
showing that blastogenesis triggered by 
antigen (for example, PPD or Candida), 
and the production of release of macro- 

phage migration inhibition factor by hu- 
man lymphocytes is inhibited by CRP 
(9). Our experiments give some insight 
into the basis for this selective reactivity. 
Since CRP reacts with lymphoblasts in- 
duced by one but not the other group of 
stimulating agents, this binding cannot 
be attributed to changes associated with 

proliferation per se. Further, although 
cell injury favors the deposition of CRP 
(10), its binding to dividing as well as to 

resting cells, and its binding selectively 
to lymphoblasts induced by one group of 
agents, indicates that the interaction be- 
tween CRP and T lymphocytes is not a 
consequence of cell injury. Since the cell 

viability was similar in all cultures stud- 
ied, selective survival of blasts in one set 
of cultures relative to the others did not 
seem to influence the results reported. Fi- 
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nally, because the cells stimulated to di- 
vide in vitro by PHA, Con A, antigens, 
and allogeneic (MLR) cells are known to 
be predominantly T cells (11), selective 
proliferation of B (bone marrow-derived) 
cells in response to these mitogens can- 
not explain the present findings. Instead, 
our results raise the possibility that CRP 
reacts with a subpopulation of T cells 
which responds with proliferation to 
challenge with soluble or cell surface an- 
tigens but not with mitogens. Alternative- 
ly, sites capable of binding CRP may be- 
come available on the cell surface selec- 
tively upon stimulation by antigens as 
opposed to mitogens. 

That the antigen-sensitive T cell may 
be a distinctive subset has received sup- 
port from studies showing inactivation of 
the cells dividing in response to antigen 
without an effect on the cells capable of 
responding to PHA, and by separation of 
cells with these functions by buoyancy 
gradients (12). Thus, although the anti- 
gen-sensitive population had been con- 
sidered by many to be a small proportion 
of the total pool of T cells (13), all of 
which are potentially responsive to T 
cell mitogens (14), this might not be the 
case. We do not yet know whether cells 
responding to blastogenic factors can 
bind CRP, or whether the lymphoblasts 
binding CRP are selectively those whose 
blastogenesis was induced by antigen 
directly; perhaps recruitment of cells not 
reactive with CRP explains why only one 
of four lymphoblasts formed in response 
to antigenic stimulation was able to bind 
CRP. A recruitment of cells that do not 
bind to CRP might also explain the con- 
sistently larger proportion of CRP-bind- 
ing nonlymphoblasts in stimulated com- 
pared to unstimulated cultures. 
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Striking examples of cellular differ- 
entiation in which two daughter cells- 
the products of a single mitosis-often di- 
verge immediately and mature into differ- 
ent cell types are known in many plants. 
Buinning (1) reviewed many instances of 
this phenomenon, including root hair for- 
mation and guard cell differentiation in 
monocotyledons, the development of 
pollen grains and hyaline cell formation 
in the leaves of Sphagnum, and the ger- 
mination of fern spores. One important 
feature shared by all of these systems is 
that differentiation is initiated with an 
asymmetric cell division, which parti- 
tions the mother cell into two daughters 
of unequal size. The daughter cells then 
develop into structurally and function- 
ally different types. 

We have discovered a simple tech- 
nique with which we can almost totally 
control differentiation in germinating 
spores of a fern, Onoclea sensibilis. The 
technique is based on controlling wheth- 
er the first division of the spore is asym- 
metric or not. 

Spores were collected, stored, and 
sterilized prior to their use (2). We steri- 
lized the liquid mediums on which spores 
were germinated by filtering them 
through a Millipore filter; aseptic condi- 
tions were maintained throughout. We 
initiated germination by floating spores 
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on the surface of 4 ml of a simple in- 
organic medium (2) contained in culture 
tubes sealed with screw caps. The spores 
were exposed to 7000 + 300 lux white 
fluorescent light at 27.5? ? 0.5?C. Spores 
were placed on a microscope slide in a 
solution of chloral hydrate in acetocar- 
mine stain (3), and the details of germina- 
tion were observed through a micro- 
scope. The staining mixture dissolves 
chloroplasts, which are abundant in 
spores of Onoclea, and stains the nuclei 
of germinated spores. It is then possible 
to see the positions of the nuclei and cell 
walls, which, in untreated spores, are ob- 
scured by the chloroplasts. 

In ungerminated spores, the nucleus is 
located in the center. About 16 to 20 
hours after germination begins, the nucle- 
us migrates to one end of the spore. Two 
hours later, mitosis occurs (Fig. lA), and 
the spore divides into a large and a small 
cell (Fig. IB). The smaller cell narrows 
and elongates rapidly, differentiating into 
a rhizoid (Fig. 1, C and D). The rhizoid 
remains a single, elongated cell and nev- 
er again divides. The larger cell retains 
its capacity for division and develops 
first a filament of two or more cells (the 
protonema) and later a two-dimensional 
plate of cells (the prothallus). In the liv- 
ing state, the cells of the protonema con- 
tain many chloroplasts whereas the rhi- 
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Rhizoid Differentiation in Fern Spores: 

Experimental Manipulation 

Abstract. Germination in spores of the fern Onoclea sensibilis is initiated by an 
asymmetric division that partitions the spore into two cells of unequal size. The un- 
equal daughter cells differentiate immediately into distinct types. When spores are 
germinated on the surface of solutions of methanol, the initial division is symmetri- 
cal, and the daughter cells from this equal division develop into the same type of cell. 
The differentiation of a rhizoid from the smaller cell in untreated spores is suppressed 
by methanol treatment. 
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