
O B T A I N I N G  T H E  O U T E R  S E G M E N T S  

F R O M  T H E  P H O T O R E C E P T O R  C E L L S  OF T H E  R E T I N A  

A N D  D E T E R M I N A T I O N  OF R H O D O P S I N  IN A S U S P E N S I O N  

S. A.  S h c h u k o l y u k o v  

OF T H E  S E G M E N T S  

UDC 612.843.1-088.1 

The  outer segments are spec ia l ized  membrane structures of the photoreceptor ceils  of the retina,  containing 
photosensitive pigments and responsible for the primary ac t  of recept ion of light.  The isolat ion of the outer seg- 

ments as a homogeneous fraction is an essential condition for the b iochemica l  study of cer tain problems in recep-  
tion. A number of methods of isolat ing the fraction of the outer segments have been described in the l i terature ,  but 
they have the disadvantage of y ie ld ing  a fraction with a low level  of purity, and during the process of isolat ion of 
the  segments,  moreover,  they are subjected to prolonged t rea tment  with hypertonie solutions [4,5,7]. 

The object  of the present invest igat ion was to improve the method of obtaining the fraction of outer segments 

of a high leve l  of purity and integr i ty  with min ima l  length of hypertonic t rea tment ,  and also to determine  the con- 
tent  of rhodopsin d i rec t ly  in the suspension of these segments and to study the possibili ty of using this index as a cr i-  
terion of the purity of the fraction obtained. 

E X P E R I M E N T A L  M E T H O D  

The experiments were carried out on the eyes of ca t t le  obtained from the slaughter house in a cold state and 
kept in darkness. Dissection of the eyes and al l  subsequent operations were carried out in red l ight in a cold room 
at  2-5 ~ The  fraction of the outer segments was obtained by a combined method - - b y  differential  centrifugation and 
centr ifugat ion in a sucrose density gradient  [8-5,7]  - -wi th  cer ta in  modifications.  The rhodopsin content was judged 

from the opt ical  density (ZXEs00), measured spectrophotometr ical ly ,  and equal  to the difference between the opt ical  
densities of the dark and i l lumina ted  suspension. This de terminat ion  is based on the property of the pigment  rhodop- 

sin that  i t  has a maximum of absorption at  a wavelength of 500 mg. Protein was determined co lo r imet r i ca l ly  [6]. 
The  fractions were isolated,  washed, and suspended in 0.25 M sucrose solution containing 0.02 M iris buffer(pH 7.8). 

E X P E R I M E N T A L  R E S U L T S  

After a series of experiments ,  the following conditions were adopted as op t imal  for obtaining the outer segments. 

1. The homogenate  (30-40 retinas to 30-40 ml sucrose) was obtained by gent le  disintegration of the tissue by 

ver t ica l  movement  of the pestle of the glass homogenizer .  

2. The homogena te  was centr ifuged at  800g for 5 mtn. The l iquid was removed,  the residue was washed 

twice,  and the liquids were combined.  

3. The homogenate  was centr ifuged at 1600 g for 10 rain.The liquid was removed and the residue washed 

twice  at  the same speed and suspended in sucrose in a dose equal  to 10-12 ml for the residue of outer segments ob- 
ta ined from 30-40 retinas (Fraction 1). Fract ion 1 is the  f inal  fraction of outer segments obtained by Futterman's  

method [4]. 

4. For centr ifugat ion in a density gradient ,  the following were poured successively into test tubes: 2 ml of 
2 M sucrose solution,* 5 ml of 0.93 M sucrose solution, and 1 ml of Fract ion 1 (the proportions between the layers 

are  given for tubes with a capac i ty  of 10 ml). To obtain c lear ly  demarca ted  layers,  the f i l l ing must begin with the 
lower layer of 2 M sucrose solution, and the remaining solutions are added careful ly  down the wal l  of the tube. The 

*To s impl i fy  the method, the layer  of 2 M sucrose solution was somet imes omit ted.  In these circumstances the ce l l  
structures heavier  than the outer segments passed through the layer of 0.98 M sucrose solution and formed a residue 

di rec t ly  on the bottom of the tube. 
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Fig. 1. Rhodopsin curves of Fractions 1 and 2 
and Rin d calculated from the formula: 

-- A E.~oo" I00. 
Rind = C 

I) Fraction 2; II)Fraction 1. Along the axis of 
abscissas, protein content of fraction (C in rag); 
along the axis of ordinates, difference of opti- 

cal densities (--AE~00). 
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Fig. 2. Rhodopsin curves of homogenate and 
Fractions 1 and 2, and Rin d calculated from the 
formula: 

-- A Ewo" 1 O0 
Rind C - -  Co 

IID Homogenate. Remainder of legend as in 

Fig. 1. 
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*In this experiment, Rind of Fractions 1 and 2 was compared with Rind of the homogenate. 

tubes were centrifuged in a horizontal rotor for 10 min at 5000 g, after which the layer of outer segments, contained 
in 0.93 M sucrose soIution, was carefully withdrawn by a pipet with a pointed end. 

5. The suspension was diluted in three volumes of cold bidistilled water to give a roughly isotonic concentra- 

tion of sucrose. 

6. The suspension was centrifuged at 2500 g for 5 rain. The supernatant fluid was removed, and the residue 
was suspended and washed twice at the same speed (Fraction 2). 
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To compare the purity of the fraction of segments at the various stages of purification, Fraction 1, as usually 
used by other authors [4], and Fraction 2 were used. Studies of these fractions in the optical microscope showed that 
the second is much purer than the first. 

As an objective criterion for comparing the purity of the fractions, the content of rhodopsin, the specific pro- 
tein of the outer segments, was determined. To avoid loss of rhodopsin during extractions, it was determined direct- 
ly in the suspension of outer segments [1]. Since a linear relationship exists between the amount of rhodopsin and 
the total protein content of the fraction, during purification of the fraction, the amount of rhodopsin in relation to 
the total protein content in the suspension of segments must increase. To determine the value of AEs00, 0.2 ml of a 
0.1 M solution of hydroxylamine (pH 7.0) and 2 ml of the sucrose suspension of the fractions (homogenate, Fraction 
1 or 2) were poured into two dishes. The contents of the dishes were mixed with a thin glass rod, and then one of 
them was placed in darkness, while the suspension in the other was il luminated through a water filter in an intensity 
of 1500 ix. After illumination, the optical density of the dark suspension was measured and compared with that of 
the illuminated suspension at a wavelength of 500 rag. The optical density determined was a different value due to 
the contained rhodopsin. 

It is clear from Fig. 1 that a linear relationship exists between the rhodopsin content (value of -~Es00) in the 
suspension and its total protein content. The ratio between --AE600 and the total protein content of the fraction (see 
Fig. 1) is the relative quantitative characteristic of rhodopsin, or the rhodopsin index (Rind), expressed on a conven- 
tional scale of optical density: 

- -  AEs0o.  100  

Rind - C ' (A) 

where C is the total protein content in the dish, and -~Es00 is the difference in optical densities at a wavelength of 
50o m/~. 

If the value of Rin d is determined by the formula A for different protein contents of Fractions 1 and 2 (see 
Fig. 1), a linear series of increasing values is obtained, although theoretically the values of Rind should be the same. 
The reason for this is that the so-called rhodopsin curves, expressing the relationship between --AEs00 and the protein 
content in the suspension in this case do not pass through the zero of the system of coordinates. This may be because 
the total protein content in the suspension is much higher than the content of rhodopsin protein. The value of Rind, 
when the protein content in the suspension is different, can be equal only if the content of other proteins, whose op- 
t ical density does not vary with illumination, is zero or very small, as is the case, for example, when the rhodopsin 
is determined in digitonin extracts, when mainly rhodopsin is extracted [2]. During determination of Rind in the 
suspension of outer segments, a case is possible when --~Es00' due to the rhodopsin content, is equal to zero, although 
the dish contains a large quantity of protein. It is this protein content, conventionally described as C 0, which must 
be subtracted from the total protein content in the suspension in order to bring the rhodopsin curves near to the 
zero point. 

Hence, the value of Co characterizes a certain quantity of other proteins in the suspension of segments, evi-  
dently protein impurities with no maximum of absorption at 800 mg, when the value of--~Es00, i .e. ,  the rhodopsin 
content, is equal to zero. So that the values of Rind could be compared for any protein content in the suspension, 
the final formula must be expressed as follows: 

- -  AEsoo" 100 
Rind = C - -  C0 (B) 

The value of C o may be found graphically by prolonging the rhodopsin curves to their intersection with the axis of 
abscissas or by solving a system of equations about two points relative to C o (Fig. 2). It is clear from Fig. 2 that 
Rind for Fractions 1 and 2, calculated by formula (B), were equal for different protein contents of the fractions, and 
this formula may therefore be used for comparing the purity of various fractions with a different protein content. 
Analysis of the results obtained (see Fig. 2) shows that the higher the purity of the fraction, the lower the value of 
C o and the higher the value of Rin d. With a sufficiently high level of purity, the rhodopsin curves practically pass 
through the zero point. One of the experiments in which this was obtained is illustrated in Fig. 2. In different ex- 
periments the values of Rind of Fractions 1 and 2 varied, but their ratio in all the experiments described was approxi- 
mately the same, about 2.5. Hence, Fraction 2 obtained by the method described above was approximately 2.5 
times purer than Fraction 1 obtained by the method described by other authors [4] and approximately 7 times purer 
(as rhodopsin content) than the original homogenate of the retina (see table). 
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The variation of Rind in the individual experiments was evidently due to differences in the level of dark adap- 
tation of the animals before slaughter, and also to possible individual variation. 

The results obtained demonstrate that the method described can be used to obtain a comparatively pure frac- 
tion of the outer segments. The value of Rind may be used as a criterion of the purity of the fractious obtained. 

This value may  be determined directly in the suspension of outer segments, without extracting the rhodopsin with 
digitonin. In this case, for determination of Rind, the parameter C o must be taken into account. This represents 
the protein content of the suspension when--AE~00, i.e., the rhodopsin content, is equal to zero. 
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