
Type Ia and type Ib ganglion cells also 
differ in the diameters of their dendritic 
fields at a given retinal eccentricity. This 
disparity exists throughout the retina but 
is marked in the central retina (Fig. 2). 
Dendritic field diameter of both types in- 
creases with increasing retinal eccentric- 
ity, but type Ia cells are consistently 
larger than type Ib cells (Fig. 2A). 

The morphological differences (and dif- 
ferences in connections) between class I 
and class II ganglion cells probably un- 
derlie the physiological distinction be- 
tween "transient" and "sustained" cells 
and perhaps also between "Y" (non- 
linearly summing) and "X" (linearly 
summing) cells, respectively (6, 9, 10). If 
we assume a relationship between den- 
dritic field diameter and receptive field 
center size (11), we can compare the di- 
mensions of class I cells in Golgi prepara- 
tions with Cleland and Levick's data (9) 
on field center size of "brisk" transient 
cells (Fig. 2B). Both the dendritic fields 
of class I cells and the field centers of 
transient cells increase in diameter with 
retinal eccentricity (6, 9). OFF-center 
transient cells are larger than ON-center 
transient cells, just as type Ia cells are 
larger than type Ib cells at a given retinal 
eccentricity. Hammond's more exten- 
sive physiological data (9), from units 
with eccentricities up to 35?, also support 
this finding. Finally, some central, tuft- 
ed, broadly stratified, type Ib cells have 
particularly small dendritic field diame- 
ters (Fig. 2A) as do some ON-center tran- 
sient cells (Fig. 2, A and B). This com- 
parison supports the hypothesis that 
ganglion cells branching in sublamina a 
will be OFF-center and those branching 
in sublamina b, ON-center. 

Our hypothesis pertains to the re- 
sponses of ganglion cells with direct 
cone bipolar input but implies nothing 
concerning the response polarity of ei- 
ther of the two types of cone bipolar 
cells. ON- or OFF-center responses of 
ganglion cells could be determined by 
any of several disynaptic sequences of 
excitatory and inhibitory synapses. Nev- 
ertheless, there is ultrastructural evi- 
dence that flat cone bipolar cells receive 
excitatory synapses from cone photore- 
ceptors [which hyperpolarize to photic 
stimulation (12)], but invaginating cone 
bipolar cells do not (13). The simplest in- 
terpretation of these findings is that the 
flat cone bipolar cell is hyperpolarizing 
to photic stimulation, or OFF-center, 
when the flow of excitatory transmitter 
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to photic stimulation, or OFF-center, 
when the flow of excitatory transmitter 
from the photoreceptor is diminished, 
and the invaginating cone bipolar cell is 
depolarizing, or ON-center, under the 
same conditions of illumination. The 
presence of ON/OFF dualism in cone bipo- 
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lar cells of the cat is at least plausible, for 
such ON/OFF symmetry has been found 
among bipolar cells in nonmammalian 
vertebrates (14). If both flat and in- 

vaginating cone bipolar types make ex- 
citatory synapses on ganglion cells, as 
Naka has found in catfish for both ON- 
and OFF-center bipolar cells (15), then in- 
ferences made from the synaptic ultra- 
structure (13) are consistent with our hy- 
pothesis that sublamina a contains the 
processes of OFF-center cells and sublam- 
ina b the processes of ON-center cells. 

It has been supposed that stratification 
of the IPL [so prominent in typical non- 
mammalian vertebrates (16, 17)] is of 
little functional significance in mammals 
(18). This opinion stands in contrast to 
Cajal's view that the IPL is similarly or- 
ganized in all vertebrates (16). More 
study is needed to determine the precise 
meanings of multiple stratification in the 
IPL of the vertebrate retina. It is now evi- 
dent, however, that a bisublaminar orga- 
nization of the IPL is characteristic of 
the mammalian retina, that it may ob- 
scure but never obliterates Cajal's many- 
tiered stratification, and that it is de- 
signed to serve ON/OFF symmetry in reti- 
nal ganglion cells. 
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to a permeability barrier in the flagellate 
(1) or to rapid conversion of the drugs to 
nontoxic compounds. We now present 
data indicating that the epimastigote 
forms of T. cruzi possess an active 
detoxifying system whose character- 
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Abstract. The epimastigotes of Trypanosoma cruzi hydroxylate drugs at substan- 
tial rates. The activity, which is of the mixed-function oxidase type, is increased by 
phenobarbital and is inhibited by CO, SKF 525-A, and metyrapone. The hydroxyla- 
tion is paralleled by increases in free and membrane-bound ribosomes. 
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istics are those of a monooxygenase sys- 
tem linked to P-450, and whose activity 
is increased by phenobarbital. Cy- 
tochrome P-450 is the terminal oxidase 
of a reduced nicotinamide adenine dinu- 
cleotide phosphate (NADPH) system 
that converts a number of lipid soluble 
compounds of both endogenous and ex- 
ogenous origin into more polar com- 
pounds (2). Cytochrome P-450 appears 
to serve both as the substrate-binding 
site and as the site of oxygen activation 
(3) of the enzyme system. 

Stock cultures of T. cruzi were main- 
tained in a monophasic (liquid) medium 
(4) at 27?C in the presence of 7.5 pM 
hemin (controls). Experimental cultures 
were grown in a diphasic (solid medium 
with liquid overlay) medium (5) in the ab- 
sence of hemin. Phenobarbital (2 to 

5 mM) was added to the growth medium 
2 days after the inoculum, and the para- 
sites were collected at the end of the ex- 
ponential phase of growth (day 7) by cen- 
trifugation. They were washed three 
times with 100 volumes of Ringer-phos- 
phate solution (pH 7.4), and resuspended 
in the same medium at a final concentra- 
tion of about I x 109 cells per milliliter. 
The monooxygenase activity of T. cruzi 
toward aniline, p-nitroanisole, naphtha- 
lene, and aminopyrine was measured as 
follows: Cells in a final volume of 5 ml 
were incubated at 27?C with the corre- 
sponding substrate, and at zero time and 
timed intervals, the cell suspension was 

homogenized in a French press cell at 
14.2 atm. Portions (1.0 ml) were pipetted 
into test tubes containing 0.1 ml of con- 
centrated HC1 for naphthalene and 0.1 

Table 1. Hydroxylation of drugs by T. cruzi epimastigotes in the presence (experimental) or 
absence (control) of 2 mM phenobarbital. The signs in parentheses indicate the mobility of the 
cells after the incubation period: + + +, normal; + +, reduced; +, severely reduced; -, no mo- 
bility. 

Hydroxylation (nmole/mg protein per 3 hours) 
Substrate 
(4 mM) Control Experimental Increase 

cultures cultures (%) 

p-Nitroanisole 1.65 (+ +) 4.27 (+ + +) 258.7 
Aminopyrine 1.65 (++) 3.31 (+++ 200.6 
Aniline 3.95 (++) 9.9 (+++4) 253.8 
Naphthalene 0.0 (-) 0.0 (+) 

Table 2. Effect of inhibitors on the O-demethylation of p-nitroanisole by T. cruzi epimastigotes 
grown in the absence of phenobarbital. Signs in parentheses indicate mobility as in Table 1. 

Hydroxylation 
(nmolep-nitro- Per- 

Conditions phenol/mg protein cent 
per 3 hours) 

Control, air (atmospheric pressure) 1.7 (+ +) 100 
CO atmosphere 0.0 (-) 0.0 
N2 atmosphere 0.0 (+ +) 0.0 
SKF 525-A (0.042 ,M) 0.0 (+) 0.0 

Metyrapone (33.1 uM) 0.132(-) 7.7 
Metyrapone (66.2 t,M) 0.076 (-) 4.4 

Fig. 1. Thin sections of T. cruzi grown (a) in the presence and (b) the absence of phenobarbital 
(5 mM). Cells were fixed in buffered 1.75 percent glutaraldehyde and then in buffered 2 percent 
osmium tetroxide; they were stained with uranyl acetate and lead citrate. (a) The dense mitochon- 
drial matrix (arrow), kinetoplast (K), nucleus (N), microbodies (M), and endocytotic vacuoles 

(V) are indicated (x 14,500). (b) In this section the emergent flagellum (F) is indicated, the 
cisternal matrix of the mitochondrion is electron translucent, and the number of ribosomes per 
unit area of cell appears to be less than in the phenobarbital-treated cells (x 15,000). 
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ml of 100 percent trichloroacetic acid for 
aminopyrine and aniline. The formation 
of 1,2-dihydro- 1,2-dihydroxynaphtha- 
lene and l-naphthol, and formaldehyde 
and p-aminophenol was estimated as de- 
scribed (6). p-Nitrophenol was deter- 
mined by its absorbance at 420 nm at pH 
7.85 (7). 

Epimastigotes of T. cruzi metabolize 
p-nitroanisole, aminopyrine, and aniline 
at appreciable rates (Table 1); however, 
the substrates are slightly toxic, as 
judged by a moderate decrease in cell 

mobility. Naphthalene, which is highly 
toxic (no mobility), is not metabolized. 
Cells that are grown in the presence of 

phenobarbital show marked increases in 

hydroxylating activity and essentially 
normal mobility, which suggests that in- 
creased metabolism results in protection 
of the cells. Phenobarbital-treated cells 
still do not metabolize naphthalene at 
measurable rates, but some mobility is 
restored. Hydroxylation of p-nitro- 
anisole is inhibited by CO, SKF 525-A, 
and metyrapone, all known inhibitors of 
microsomal monooxygenases (2) and is 

dependent on 02 (Table 2). The inhib- 

itory effects of SKF 525-A and metyra- 
pone appear to be specific since they are 
not correlated with changes in cell mobil- 

ity. Maximum effects are obtained with 
0.5 to 5 mM phenobarbital. The addition 
of 5 mM phenobarbital to T. cruzi cul- 
tures increases the number of ribosomes 
in the cytoplasm and those associated 
with the endoplasmic reticulum and nu- 
clear envelope (Fig. 1, a and b). Con- 

comitantly, the density of the nucle- 

oplasm and mitochondrial matrix increas- 

es, possibly because the amount of 
ribosomal protein increases in these two 

organelles. Compared with Fig. lb, Fig. 
la (arrow) shows an increase in the den- 

sity of the mitochondrial matrix. These 

changes correlate well with changes in 
the hydroxylating activity of T. cruzi 
cells. Difference spectroscopy (8) in- 
dicates that untreated cells contain 0.07 
nmole of cytochrome P-450 per milli- 

gram of protein. This value increases to 
0.34 nmole/mg in cells grown in 5 mM 

phenobarbital. Chemical analysis of mi- 
crosomes from control cells shows an 
RNA to protein ratio of 0.088 and a lipid 
to protein ratio of 0.73. Treatment with 

phenobarbital increases the RNA to pro- 
tein and the lipid to protein ratios to 0.18 
and 2.14, respectively. The latter ratios 
are characteristic of the rough endoplas- 
mic reticulum. 

The hydroxylation system is localized 
in the microsomal fraction, which cor- 

responds to 10 percent of the total pro- 
tein. Thus, control and phenobarbital- 
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treated cells contain 0.7 and 3.4 nmole of 

cytochrome P-450 per milligram of micro- 
somal protein, respectively. Microsomes 
also contain cytochrome b5, cytochrome 
c reductase-NADPH (E.C. 1.6.2.3), and 
cytochrome b5 reductase-NADH (E.C. 
1.6.2.2) (8). 

These results suggest that an impor- 
tant factor in the insensitivity of T. cruzi 
to chemotherapeutic agents may be its 

ability to metabolize foreign compounds 
at substantial rates and that this ability is 
increased by phenobarbital. 
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There have been controversies in the 
literature concerning in vitro binding of 
steroid receptor complexes to cell nu- 
clei. These controversies are concerned 
with the chemical identity of the nuclear 
binding sites (that is, acceptor sites) (1- 
4, 5) as well as with possible tissue-spe- 
cific binding (2, 3, 5-7). This report ex- 
plains some possible causes of these dis- 
crepancies and presents methods and 
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conditions for assaying for tissue-specif- 
ic, high-affinity binding. 

Steroid hormones enter target cells and 
bind to receptor proteins with high 
affinity and stereospecificity. Part, if not 
all, of these complexes undergo an ob- 
scure "activation" process wherein they 
become capable of migrating and binding 
to the nuclei (5, 8). The result of this 
nuclear binding is an immediate alteration 
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of nuclear transcription (5, 9). Nontarget 
tissues do not respond to physiological 
levels of the steroids because they do not 
contain "active" receptors. The presence 
in nontarget cells of inactive receptors 
not capable of binding steroids has not 
been investigated. 

We assessed more carefully the bind- 
ing that occurs in vivo as well as in vi- 
tro between isolated nuclei or chromatin 
and isolated progesterone-receptor com- 
plex (P-R) (10). More than one class of 
binding sites was observed in vivo and 
in vitro. The highest affinity class of bind- 
ing sites was tissue specific, survived 
high ionic conditions (0.15 to 0.2M KCl), 
and represented the only type of nuclear 
binding in avian oviducts exposed to 
physiological levels of the hormone (1 to 
17 ng per milliliter of serum). When this 
class was saturated in vivo with progester- 
one, the full responses of RNA polymer- 
ase I and II activities were observed (10). 
Although a higher level of binding to 
weaker sites could be achieved in vivo, 
there was no further alteration in polym- 
erase activities. We feel that the highest 
affinity class of sites may represent the 
primary sites for steroid-induced altera- 
tions in transcription. We are thus able 
to selectively analyze (utilizing the high 
ionic conditions) binding in vitro only to 
the high affinity class of sites in isolated 
nuclei. Under low ionic conditions, the 
P-R binds in a nonsaturable, nonspecific 
fashion to many nuclear components. 
Under higher ionic conditions, however, 
a saturable binding to nuclear material is 
achieved which is tissue specific. Very 
little binding to DNA or other com- 
ponents occurs. 

Figures 1 and 2 show the patterns of 
binding of P-R to the nuclear material of 
target tissue (oviduct) and nontarget tis- 
sue (spleen) under varying ionic condi- 
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Fig. 1. Binding of isolated [3H]progesterone-re- 
ceptor complex (P-R) to (U) hen oviduct and (A) 
spleen nuclei in (A) 0.05M KCl, (B) 0.10M KCI, and 
(C) 0.18M KCl. The isolation of partially purified 
P-R is described elsewhere (10, 11). The binding of 
the P-R to nuclei was performed according to the 
"standard method" in (A) and (C) and the "strep- 
tomycin method" in (B) (10). Briefly, 25 to 50 ug 
of DNA (as nuclei) was incubated at 4?C for 90 min- 
utes with increasing levels of P-R. The incubation 
period was selected since equilibrium binding is 
achieved at the ratio of receptor to DNA used in 
these experiments (10). Tubes containing the 
binding assays were centrifuged, the pellets were 
washed several times in dilute buffers, and the 
nuclear material was collected on membrane fil- 
ters and counted in a scintillation spectrometer. 
The micrograms of DNA per filter were then 
estimated by diphenylamine assay and the counts 
per minute per milligram of DNA were calculated 
as described (10). 
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Progesterone Binding to Hen Oviduct Genome: 

Specific versus Nonspecific Binding 

Abstract. Data are presented to explain discrepancies in the literature involving the 
in vitro binding of steroid receptor complexes to isolated nuclei and chromatin. The 

type of binding in vitro of the progesterone-receptor complex to nuclei, chromatin, or 
DNA of hen organs is largely determined by the ionic strength of the medium. Low 
ionic conditions (0.01 to 0.05 molar potassium chloride) result in a nonspecific, non- 
saturable binding, while high ionic conditions (0.15 to 0.20 molar potassium chloride) 
create a tissue-specific, saturable binding. Pure DNA binds the steroid receptor com- 

plex extensively in low salt but very little in the higher salt conditions. 
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