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both D N A  and protein increase rapidly between 17 and 20 days 
of gestation. During the same period the activity of both lactase 
and alkaline phosphatase in the small intestine is also found to 
increase, steadily. Taken together, the results indicate that 
growth and maturation of the fetal small intestine are extremely 
rapid during the last part of gestation. 
In recent years, considerable evidence has accumulated to sug- 
gest that EGF, a mitogenic polypeptide, promotes growth of the 
digestive tract in both young and adult rats 6-a, 19, 20. Our present 
observation that addition of EGF to the organ culture system 
containing fetal small intestinal explants stimulates the rate of 
synthesis of both D N A  and protein suggests that (a) EGF 
promotes small intestinal cell proliferation, and (b) is indepen- 
dent of other hormone(s) or growth-promoting factor(s). The 
observed increment in incorporation of 3H-valine and 3H-thy- 
midine into protein and DNA of small intestinal explants by 
EGF could not be attributed to an increased entry of the precur- 
sors. This interpretation is based on the observation that there 
was no significant difference in acid-soluble radioactivity (for 
both 3H-valine and 3H-thymidine) between the basal and EGF- 
treated samples. 
Although under the present experimental condition EGF in- 
duced small intestinal growth as evidenced by increased DNA 
and protein synthesis, it had no affect on the functional matura- 
tion of the tissue. This interpretation is based on the observation 
that addition of EGF to the organ culture system produces no 
apparent change in either lactase or alkaline phosphatase activ- 
ity when compared with the corresponding basal control. Such 
an observation is analogous to what we s as well as Dembinski 
and Johnson 9 have earlier observed in suckling rats. In contrast, 
Calvert et a1.11 have demonstrated that in mice administration of 
EGF during the later stages of pregnancy significantly stimu- 
lates alkaline phosphatase and trehalase activities in the fetal 
small intestine without affecting D N A  and protein content in the 
tissue. However, since the observation was made after in vivo 
administration of the peptide to the mothers, it is difficult to 
assess whether the aforementioned findings are due to EGF by 
itself or secondary to EGF administration. 

In conclusion, the present data demonstrate that whereas EGF 
promotes growth related processes of the fetal small intestine, it 
does not affect the functional maturation of the organ. 
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Summary. The membrane fraction of the retinal pigment epithelium (RPE) of the frog (Rana pipiens) catalyzed the esterification of 
tritiated retinol to retinyl esters. This esterification reaction was inhibited in the presence of 3, 4-didehydroretinol. 
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Many animals possess both rhodopsin (a retinal based visual 
pigment) and porphyropsin (a 3,4-didehydroretinal based visual 
pigment) in their retinas 1-6. In these animals, both retinyl and 
3, 4-didehydroretinyl esters are also found in their retinal pig- 
ment epithelium (RPE) 7-11 located adjacent to the retina. The 
composition of rhodopsin/porphyropsin in the retina is similar 
to the composition of retinyl/3,4-didehydroretinyl esters in the 
pigment epithelium in some species 8' 12 but not in others 1~ 13, i4. 
In order to fully understand how the composition of visual 
pigments changes in response to light 1~ tempera- 
turel0,13,18-20 and other factors 1~ 21-23, it is necessary to study the 
pathway whereby retinol and 3,4-didehydroretinol are stored 
and utilized by the eye. Retinoids in the eye are found mainly in 
the RPE as retinyl esters of long chain fatty acids such as palmi- 
tic and stearic acids 24-26. The present report shows how retinol 
and 3, 4-didehydroretinol compete with each other for the ester- 
ification to palmitic acid resulting in the formation of retinyl and 
3, 4-didehydroretinyl palmitate. 

The membrane component of the RPE/choroid from four frogs 
(Rana pipiens, average weight: 12 g) was obtained by homoge- 
nizing freshly removed RPE/choroid in amphibian Ringer solu- 
tion (111.2 mM NaC1, 2.0 mM KC1, 1.1 mM CaC12 and 2.4 mM 
NaHCO3; pH = 7.3) and centrifugation (100,000 x g; for 1 h). 
The membrane fraction (pellet) was then resuspended in 6 ml of 
Ringer solution and divided into six equal portions (tubes 1-6). 
Only tritiated all-trans retinol (0.2 nmol, 14 x 106 dpm, in 30 lal 
of ethanol) was added to the first tube. Tritiated retinol (quant- 
ity and radioactivity same as in tube 1) was mixed with cold 
(non-radioactive) all-trans retinol (50 nmol) and the mixture was 
dried by nitrogen and the residue re-dissolved in 30 gl of ethanol. 
The mixture was added to the second tube and this procedure 
was repeated for the third test tube. Similarly, tritiated retinol 
(quantity and radioactivity same as in tube 1) was mixed with 
cold all-trans 3,4-didehydroretinol (50 nmol) and the mixture 
redissolved in 30 gl of ethanol and added to the fourth tube (and 
this procedure was repeated for the fifth tube). Tritiated retinol 
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Esterification of tritiated all-trans retinol by the frog RPE in the pres- 
ence of all-trans retinol, all-trans 3,4-didehydroretinol and atl-trans 
retinal 

Tube number Radioactivity of retinyl Level of inhibition 
palmitate (cpm) by cold retinoids 

1. [3H] retinol 166,000 0 
2. [3H] retinol 847 196 

+ cold retinol 
3. [3H] retinol 928 178 

+ cold retinol 
' 4. [3H] retinol + cold 848 196 

3,4-didehydroretinol 
5. [3H 1 retinol + cold 995 167 

3,4-didehydroretinol 
6. [3H] retinol 165,000 0 

+ cold retinal 

(quantity and radioactivity same as in tube 1) was mixed with 
all-trans retinal (50 nmol) and the mixture redissolved in 30 gl of 
ethanol. This mixture was then added to the sixth tube to study 
whether molecular dilution by another non-radioactive retinoid 
may exert an influence on the esterification of tritiated retinol. 
All tubes were incubated at room temperature for 2.5 h before 
centrifugation (100,000 • g, for 1 h). The pellet was extracted 
with acetone and retinyl esters in the extract were isolated by an 
alumina column and then analyzed by HPLC (high-performance 
liquid chromatography, 11 & 27). The ester fraction eluted from 
the alumina column contained only (radioactive) retinyl pal- 
mitate (fig.). with no detectable quantity of  any other retinyl 
esters. The identity of this retinyl ester was established by co- 
chromatography with authentic retinyl palmitate 27. The retinoid 
origin of this ester was further established by saponification and 
then co-eluting with all-trans retinol n. Retinyl palmitate was 
then collected from the HPLC ehiant, mixed with Scintilene 
(Fisher Scientific) and measured for the level of radioactivity in a 
liquid scintillation counter (counting efficiency: 59 %). 
The labeling of retinyl palmitate suggests that the esterifying 
enzyme in the frog RPE was membrane-bound (table, tube 1), 
which is in agreement with results of others 28' 29. Presence of the 
cold (non-radioactive) all-trans retinol (tubes 2 and 3) resulted in 
a significant reduction (about 200 times) of radioactivity of 
retinyl palmitate as compared to that in tube 1. This level of 
inhibition is in agreement with the molar ratio between tritiated 
and cold retinol (1:250). As the cold retinol competed with 
tritiated retinol for the same active site on the esterifying en- 
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zyme, the quantity of radioactive retinyl palmitate (as a result of 
the esterification of tritiated retinol) was then proportionately 
reduced. As shown in the table (tubes 4 and 5), the addition of 
cold all-trans 3, 4-didehydroretinol also inhibited the formation 
of radioactive retinyl palmitate at a level similar to that exhibited 
by cold all-trans retinol (tubes 2 and 3). All-trans retinal (250 
molar excess) did not inhibit the labeling of  retinyl palmitate by 
exogenous tritiated retinol. 
These results suggest that frog pigment epithelium contains an 
enzyme which can esterify exogenous retinol to retinyl palmitate. 
Because 3, 4-didehydroretinol possesses the same ability as reti- 
nol to inhibit tritiated retinol for esterification (table), these 
retinols probably possess a similar affinity for the active site of 
the esterifying enzyme. In a separate study, it was established 
that these crude RPE membrane fractions can also esterify all- 
trans 3, 4-didehydroretinol to all-trans 3, 4-didehydroretinyl pal- 
mitate 3~ suggesting that the same active site on this enzyme is 
responsible for the esterification of both retinol (to retinyl pal- 
mitate) and 3,4-didehydroretinol (to 3,4-didehydroretinyl pal- 
mitate). 
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HPLC profile of retinyl palmitate extracted from tube 1. The eluant of the 
HPLC was collected in 1-ml fractions (0-10 rain) and 0.5-ml fractions 
(10-15 min). These fractions were then measured for radioactivity to 
produce the profile of radioactivity. The major peak in both absorbance 

and radioactivity profiles is all-trans retinyl palmitate. Column: 5 p.m 
Ultrasphere; flow rate: 1 ml/min; eluant: 0.2% dioxane in n-hexane; 
detection: 340 nm. 
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Summary. The influence that changes in proton distribution have on the fluorescence of acridine orange was examined using 
negatively charged liposomes. Our results indicate that at least two mechanisms are involved: distribution of the probe between the 
internal aqueous phase of the liposomes and the outside medium, and binding of the probe to the liposome membranes. 
Key words. Acridine orange; fluorescent probe;~:pH gradient; fluorescence quenching; liposomes. 

Fluorescent amines are useful tools to monitor pH gradients 
across energy transducing and model membranes ~'z. It is as- 
sumed that these compounds, being weak bases, can move freely 
across membranes in their unprotonated form and, if a pH 
gradient is established, will accumulate in their protonated form 
on the side of the membranes where the pH is lower, in accord~ 
ance with the pH gradient. The distribution of an ideal probe 
between the inside and the outside aqueous phases of  vesicles or 
liposomes due to a pH gradient can be estimated directly from 
the quenching of its fluorescence 2. However the exact mecha- 
nism of quenching is not yet fully understood 3. 
The question of why acridine orange in the presence of pH 
gradients does not behave like an ideal probe has been the 
subject of some discussion in the literature. Some authors have 
interpreted the fluorescence quenching of  acridine orange in the 
presence of energized membranes largely as a binding pheno- 
menon 4,5. Lee and Forte however, as a result of their experi- 
ments with gastric microsomes, postulated that when acridine 
orange is used as a fluorescent probe both distribution between 
aqueous phases and binding may be involved at the same time 6. 
Along the same line, we show evidence in the present paper for a 
mixed mechanism for fluorescence quenching of  acridine orange 
by using a membrane model system, i.e. negatively charged 
liposomes. 
Materials and methods. Dipalmitoyl-phosphatidylcholine 
(DPPC) and dicetyl-phosphate (DP) were purchased from 
Sigma Chemical Company. Acridine orange (AO) was obtained 
from Merck. Monensin was a gift from Eli Lilly Research Labo- 
ratories and was added from an ethanolic solution. 
Liposomes were prepared according to the method described by 
Bangham et al.7; 20 mg DPPC and 2 mg DP were dissolved in 5 
ml chloroform-methanol (2:1). The organic solvents were evap- 
orated in a rotary evaporator. The remaining phospholipid film 
was suspended either in 1 ml solution containing TrisC1 (100 
mOsM), MOPS/KOH (10 mOsM) or in 1 ml solution containing 
NaAcetate (100 mOsM), MOPS/KOH (10 mOsM) at 55~ 
mOsM was used instead o f m M  for the purpose of  equat tonicity 
inside and outside the liposomes. From here NaAcetate will be 
referred to as NaAc. The liposomes were used after an 1-h period 
of equilibration. 

Fluorescence measurements were performed with a Perkin- 
Elmer (type 204) fluorimeter. A front surface light cell (angle 
45~ fixed in a light cell holder, equipped with a thermostat 
(temperature 55 ~ was used. The light cell was filled either with 
1 ml solution containing TrisC1 (100 mOsM), MOPS/KOH (10 
mOsM), AO (50 gM) or with 1 ml solution containing NaAc 
(100 mOsM), MOPS/KOH (10 mOsM), AO (50 gM) or with 1 
ml solution containing NaC1 (100 mOsM), MOPS/KOH (10 
mOsM), AO (50 ~tM). The fluorescence was adjusted to 100% 
with 490 nm as the excitation wavelength and 530 nm as the 
emission wavelength. Then 50 gl liposomes were added and the 
fluorescence quenching was recorded, without corrections for 
dilution. 
Results and discussion. From figure 1 it can be seen that AO 
fluorescence increases steadily with increasing AO concentration 
until a concentration of about 0.1 mM is reached. At higher 
concentrations the fluorescence decreases. The experiments de- 
scribed below were therefore performed using 50 gM AO. 
Anomalous fluorescence changes, due to concentration quench- 
ing, are not to be expected at this concentration. When 50 gl 
liposomes, which had been prepared in TrisC1 buffer (pH 7.4), 
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Figure 1. Fluorescence (in arbitrary units) of acridine orange in TrisCl 
buffer (pH = 7.4) as a function of acridine orange concentration. 


