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Summary 

Photoreceptor membrane preparations were made from retinas of the squid 
Loligo (Dory t eu th i s )  p le i  for protein and lipid analysis. Lipid analysis was also 
completed on a single membrane preparation from Loligo pealei.  

(1) The membranes contain 75 wt. % protein and 25 wt. % lipid. Neutral 
lipids make up 26 mol % of the total lipid, the remaining 74% being phospho- 
lipid. No glycolipids were observed. 

(2) Free fa t ty  acids and cholesterol comprise 8.6 and 17 mol %, respectively, 
of the total lipid. No other neutral lipids were found. 

(3) Phosphatidylethanolamine and phosphatidylcholine are the major phos- 
pholipids. Lysophosphatidylcholine,  lysophosphatidylethanolamine,  sphingo- 
myelin, and phosphatidylserine are present in small quantities. Phosphatidyl- 
inositol was not  detected in the membranes. 

(4) The levels of polyunsaturated fa t ty  acids, principally 20:4~J6, 20:5¢o3, 
and 22:6¢o3 are higher in the squid membranes than in any other vertebrate 
or invertebrate retina that  has been examined thus far. These acids account 
for 58 mol % of the fat ty acids in phosphatidylcholine and phosphatidyl- 
serine, 75 mol % of the free fa t ty  acids, and nearly 90% of the fat ty acids of 
lyso- and phosphatidylethanolamine.  The results from L. plei  and L. pealei  were 
indistinguishable. 

(5) Rhodopsin is the major protein of the membrane preparations and has a 
molecular weight of 50 500 ± 850 determined by sodium dodecyl sulfate 
polyacrylamide gel disc electrophoresis. 

Introduct ion 

The chemistry of the photoreceptor membranes of vertebrate retinas has 
been studied in great detail (reviewed in ref. 1). Lipid and protein are the two 
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major components  and on a mass basis they are present in roughly equal pro- 
portions. The majority of  the lipids are phospholipids, and the hydrophobic  
domain of  the bilayer is composed of large amounts  of long chain polyunsatur- 
ated fat ty  acids, predominantly docosahexanoic acid (22:6co3). The mem- 
brane-bound protein is almost all rhodopsin, a port ion of which is imbedded in 
the lipid bilayer where it exhibits both rotational [2,3] and translational [4] 
mobili ty.  

Invertebrate photoreceptor  membrane chemistry has been studied less exten- 
sively. Hubbard and St. George [5] showed that ll-cis-retinaldehyde is the 
prosthetic group for the photopigment  of  squid. Hagins [6] found that squid 
rhodopsin has a molecular weight of 51 000, although Kimball et al. [7] and 
Fager et al. [8] reported a value of 70 200. Paulsen and Schwemer [9] found 
molecular weights of 43 000 and 35 000 for the visual pigments of the octopus 
Eledone moschata and the insect Ascalaphus macaronius, respectively. 

The lipids of  the moth eye were studied by Zinkler [10],  who reported large 
amounts of 18:3co3 and 2 0 : 5 ~ 3 ,  but  no 22:6co3. We analyzed the photorecep- 
tor membranes of  the lateral eye of the horseshoe crab Limulus and found 
20:4co6 and 20:5cJ3 as the major polyunsaturated fat ty acids [11]. Mason, 
Fager and Abrahamson [12] reported large percentages of short chain fat ty 
acids, low levels of polyunsaturated fat ty acids, and significant amounts  of  
triglycerides and cholesterol esters in the squid Loligo pealei. 

In this paper we report  the lipid and protein chemistry of  photoreceptor  
membrane preparations from the squid Loligo (Doryteuthis) plei and the lipid 
analysis of a single membrane preparation from L. pealei. The protein pattern 
by gel electrophoresis is similar to that  given by Hagins [6], but  the lipid 
chemistry is in sharp disagreement with that reported by Mason et al. [12]. 

Methods 

L. plei (earlier classification, Doryteuthis plei, see ref. 13), were collected 
during the month of  December,  1976, at the Bermuda Biological Station for 
Research, St. Georges, Bermuda. Squid were collected with a seine in water 
2--3 feet deep and immediately transferred to a running seawater tank in a 
darkroom. After dark adapting overnight, healthy animals were decapitated 
under dim red light and whole eyes removed and frozen. All specimens were 
brought to Houston for analysis. L. pealei were captured in 20--40 feet of  
water in the Gulf of Mexico in August, 1976, at The University of  Texas 
Marine Science Institute, Port Aransas, Texas. After dark adapting the animals 
in running sea water, the photoreceptor  membranes were prepared, frozen and 
transferred to Houston for lipid analysis. 

Three groups containing eight L. plei eyes each were thawed, the eyes were 
carefully dissected under dim red light, and the anterior port ion of  each eye 
including the lens removed and discarded. The remaining posterior half was 
homogenized in 15 ml 66 mM phosphate buffer (pH 7.2) and made up to a 
final volume of 40 ml, and centrifuged for 20 min at 27 000 :<g. The super- 
natant was discarded and the residue was homogenized in 20 ml of 42% sucrose 
(w/w) in buffer  and made up to a final volume of 40 ml with sucrose buffer,  
and centrifuged at 60 000 ~g for 60 min. The floating material was harvested 
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and the residue was resuspended in the sucrose buffer  and centrifuged again at 
60 000 ~:g for 60 min. The second float was combined with the first, made up 
to 40 ml with buffer,  and the membranes pelleted at 27 000 ~'g for 20 min. 
The supernatant  was discarded and the residue containing photoreceptor  mem- 
branes was suspended in 40 ml buffered 42% sucrose. This suspension was spun 
at 60 000 ~,Jg for 60 min after which the float was removed, diluted with 
buffer,  and pelleted at 27 000 ~g for 20 min in 3 successive buffer  washes. 
Three preparations of membranes yielded 11.5, 24, and 17 mg of protein. 

For spectroscopy,  aliquots of squid pho torecep tor  membranes were homo- 
genized under dim red light in 1 ml of 2% digitonin in 66 mM phosphate buffer 
(pH 7.2). After 2 h, the debris was removed by centrifugation and the super- 
natant  scanned from 650 to 250 nm in a Cary 118C recording spectrophoto-  
meter.  Hydroxylamine  was added to a final concentrat ion of 50 mM and the 
sample rescanned, bleached, and scanned once again. The ratio of  absorbance 
at 278 nm to 490 nm was determined wi thout  correction for light scatter. 

Polyacrylamide gel disc electrophoresis was carried out  according to a pre- 
viously published procedure [14].  Plots of log molecular weights of  standard 
proteins versus mobili ty relative to the dye f ront  were used to determine the 
apparent molecular weights of the proteins from squid photorecep tor  mem- 
branes. Total  protein was determined by the procedure of Lowry et al. [15] 
using purified bovine serum albumin as the standard. 

Wet pho torecep tor  membrane pellets were suspended in 0.4 ml water and 
extracted twice with 2 ml ch loroform/methanol  (2 : 1, v/v). The lipids from 
the combined chloroform extracts were part i t ioned into neutral and polar 
lipids by silicic acid column chromatography.  Neutral lipids were eluted with 
100 ml chloroform,  and polar lipids with 75 ml ch loroform/methanol /water  
(60 : 45 : 12, by vol.). Two-dimensional thin layer chromatography of phos- 
pholipids was carried out  as previously described [16].  Thin layers of Silica Gel 
G were used to separate neutral lipids in one dimension using a solvent system 
of  hexane/die thyl  ether/glacial acetic acid (80 : 20 : 1, by vol.). 

Methyl esters of neutral and phospholipids were prepared with boron tri- 
f luoride-methanol [17] and analyzed on a Varian 2400 gas chromatograph 
equipped with a 180 cm : 2 mm (interior diameter) column packed with 10% 
SP-2330 on 100/120 Chromosorb WAW (Supelco, Inc., Bellefonte, Pa.). All 
runs were temperature  programmed from 170 to 220°C at l°C/min.  Injector 
and hydrogen flame detec tor  temperatures  were maintained at 230 and 250°C, 
respectively. The area under each peak was determined by electronic integra- 
tion and converted to relative tool %. 

Neutral lipids were quanti tated by gas-liquid chromatography using an inter- 
nal standard. A known quanti ty of tr idecanoin was added to an appropriate 
volume of  the neutral lipid fraction and the mixture  was hydrogenated over 
platinum oxide catalyst,  separated from the catalyst, and dried by evapora- 
tion under N2. An excess of O-bis-(trimethylsilyl)trifluoroacetamide was added 
and the mixture was heated in a sealed tube at 100°C for at least 30 min. The 
tube and contents  were cooled, an equal volume of chloroform added, and a 
port ion of the solution injected into a Varian Model 2100 gas chromatograph 
equipped with a flame ionization detector .  The glass column (60 cm ~j 2 mm 
interior diameter) was filled with 1c/~ OV-17 on 100--120 mesh Gas-Chrom-Q 
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(Supelco, Inc., Bellefonte, Pa.). The flow rate of the carrier gas (N2) was 100 
ml/min at 100°C and the air and hydrogen flows were adjusted to give maxi- 
mum detector  response. The detector  and the on-column injector tempera- 
tures were 350°C and 300°C, respectively, and the temperature was linearly 
programmed at 4°C/rain over the range of 100--340°C. A standard neutral 
lipid mixture consisting of known quantities of free fatty acid, monoglyceride, 
cholesterol, diglyceride, cholesterol ester and triglyceride was analyzed rou- 
tinely to obtain detector  response factors for each lipid class. 

Protein and lipid data from L. plei are the average of a minimum of three 
independent  determinations made in duplicate. A single determination was 
made of the lipid class and fat ty  acid composit ion of L. pealei. Although the 
lipid data shown are for L. plei, similar values were obtained for L. pealei. 

Results 

Purity of the squid photoreceptor membrane preparation. Since there are 
no published criteria for judging the purity of preparations of invertebrate 
photoreceptor  membranes,  the purity of the squid membranes was assessed by 
the methods generally used for vertebrate photoreceptors.  The 278/490 nm 
absorbance ratios for several preparations averaged 3.6 _+ 0.4. Polyacrylamide 
gel disc electrophoresis of the membrane preparations showed a major compo- 
nent with the molecular weight of squid rhodopsin [6] and a gel pattern simi- 
lar to that  published by Hagins [6] for preparations of  squid photoreceptors.  
Electron microscopy of several preparations revealed a population of  mem- 
branous vesicles of  various sizes with occasional regions of intact microvillous 
processes. No organelles were identifiable in any of our preparations, although 
areas of amorphous,  electron-dense material were present. At tempts  to pre- 
pare membranes with bet ter  spectrophotometr ic  ratios, gel patterns, and 
electron microscopic appearances using sucrose gradient centrifugation tech- 
niques did not  result in improvement  of  the quality of the membranes. How- 
ever, in view of the differences in morphology of invertebrate and vertebrate 
photoreceptors ,  it is not  surprising that our preparations of squid photorecep- 
tor membranes do not  meet the standards of purity established for vertebrate 
membranes.  

These membranes do not  contain retinochrome, which would be indicative 
of contamination with other retinal membranes. The addition of  50 mM 
hydroxylamine to unbleached digitonin extract did not  lower the absorbance at 
490 nm more than 2--3%, conditions under which the chromophore  of  retino- 
chrome is rapidly converted to the retinyl oxime [17]. 

Proteins of  squid photoreceptor membrane preparations. Polyacrylamide gel 
disc electrophoresis (Fig. 1) of  the photoreceptor  membrane proteins showed 
two major peaks. One component  (A) made up about  50% of the stainable pro- 
tein and is rhodopsin. The other large component  (B) has a molecular weight of 
28 500 _+ 3300 and amounts to 22% of the total protein. This latter protein was 
not  a major component  of  Hagin's preparations. 

Six independent  preparations of squid photoreceptor  membranes contained 
75 +_ 2.2 wt. % protein and 25 _+ 2.2 wt. % lipid. This protein value is the 
highest yet  reported for photoreceptor  membranes.  However, of all the analy- 
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TRACKING DYE START 

F i g .  1. T r a c i n g  o f  a p o l y a c r y l a m i d e  gel  o f  s q u i d  p h o t o r e c e p t o r  m e m b r a n e  p r e p a r a t i o n s .  C o m p o n e n t s  A 
a n d  B h a v e  m o l e c u l a r  w e i g h t s  o f  50  5 0 0  +- 8 5 0  a n d  2 8  5 0 0  + 3 3 0 0 ,  r e s p e c t i v e l y .  T h e  l e n g t h  o f  t h e  gel  is 

9 . 8  c m .  

ses presented here, this estimate has the greatest uncertainty because of the 
possibility of protein contamination in our membrane preparations. 

Lipid classes of squid photoreceptor membrane preparations. Fig. 2 is a two- 
dimensional, thin-layer chromatograph of the phospholipids of squid photo- 
receptor membranes. Phosphatidylcholine, phosphatidylethanolamine, and 
phosphatidylserine were identified by their characteristic migration patterns 
[16]. The lipid identified as lysophosphatidylethanotamine migrated near the 
region of phosphatidylinositol and might have been confused with this phos- 
pholipid except that  it gave a ninhydrin-positive reaction, whereas phosphati- 
dylinositol does not. When authentic phosphatidylinositol was co-chromatog- 
raphed with the membrane lipids, it was completely resolved from lysophos- 
phatidylethanolamine and migrated to the position shown in Fig. 2. There was 
no measurable lipid phosphorus in the region of the thin layer chromatograph 
corresponding to phosphatidylinositol.  Although no specific glycolipid stains 
were employed,  charred spots corresponding to ceramide mono- and dihexosides 
were not  observed on overloaded chromatoplates. Plasmalogens, if present, 
would have been identified by the characteristic gas chromatographic pattern of 
the dimethyl  acetals produced by the acid methanolysis of the vinyl ether 
linkage. No aldehydes were observed in any of our preparations. 

The neutral lipid class composition was determined by high temperature gas 
liquid chromatography and a chromatogram of standards is shown in Fig. 3A. 
Free fat ty acids (FFA) are the trimethylsilyl esters of 16, 18, and 20 carbon 
acids; MG-16 is a monoglyceride of a 16 carbon fat ty acid; Chol-27 is choles- 
terol; TG-30 is the triglyceride tridecanoin which is used as the internal stan- 
dard; DG-32 and -36 are diglycerides containing a total of 32 and 36 carbons 
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Fig.  2.  T w o - d i m e n s i o n a l  t h i n  l a y e r  c h r o m a t o g r a p h  o f  the  p h o s p h o l i p i d s  of  s q u i d  p h o t o r e c e p t o r  m e m -  
b r a n e  p r e p a r a t i o n s .  The  l ip ids  were  v i sua l ized  b y  s p r a y i n g  w i th  55% su l fu r ic  ac id  c o n t a i n i n g  0 .6% s o d i u m  
d i c h r o m a t e  a n d  c h a r r i n g  a t  1 9 0 ° C  f o r  3 0  ra in .  LPC,  l y s o p h o s p h a t i d y l c h o l i n e ;  SPH,  s p h i n g o m y e l i n ;  PC, 
p h o s p h a t i d y l c h o l i n e ;  LPE ,  l y s o p h o s p h a t i d y l e t h a n o ! a m i n e ;  PI, p h o s p h a t i d y l i n o s i t o l ;  PS,  p h o s p h a t i d y l -  
se r ine ;  PE,  p h o s p h a t i d y l e t h a n o l a m i n e ;  NL,  n e u t r a l  l ipid.  

in their fa t ty  acids; CE-53 and -55 are cholesterol esters with fat ty acids con- 
taining 16 and 18 carbons, respectively; and TG-48 and -54 are tripalmitin and 
tristearin, respectively. Note that  each component  is well separated from the 
others, permitting reliable identification. In the few instances where com- 
ponents overlap, such as a 22-carbon free fa t ty  acid and a 16-carbon mono- 
glyceride, separation of these classes by preparative thin-layer chromatog- 
raphy prior to gas chromatography facilitates identification and quantitation. 

Fig. 3B is a chromatogram of the neutral lipids from squid photoreceptor 
membranes containing tridecanoin (TG-30) as the internal standard. Only free 
fat ty acids and cholesterol are present. The 22-carbon fat ty acids were identi- 
fied after fractionation by thin-layer chromatography as just described. The 
absence of cholesterol esters and triglycerides in our membranes is in sharp 
contrast to the report of Mason et al. [12] on squid photoreceptor mem- 
branes. 

The lipid class composition of squid photoreceptor membranes is given in 
Table I. On a molar basis, phospholipids make up 74.2% and neutral lipids 
25.8% of the total lipid. Phosphatidylcholine and phosphatidylethanolamine 
are the major components in nearly equimolar amounts.  Phosphat~dylserine, 
sphingomyelin, lysophosphatidylethanolamine, and lysophosphatidylcholine 
are present as minor components.  Cholesterol accounts for two-thirds of the 
neutral lipids (17 mol % of total lipid) and free fat ty acids account for one- 
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F ig .  3. (A)  G a s - l i q u i d  c h r o m a t o g r a m  of  a s t a n d a r d  m i x t u r e  o f  n e u t r a l  l i p i d s  a n d  (B) g a s - l i q u i d  c h r o m a t o g -  

r a m  o f  t h e  n e u t r a l  l i p i d s  o f  s q u i d  p h o t o r e e e p t o r  m e m b r a n e  p r e p a r a t i o n s .  (The  a b b r e v i a t i o n s  are g i v e n  in  

t h e  t e x t . )  

third of  the neutral lipids (8.6 mol % of total lipid). 
Fatty acid composition of the lipids of squid photoreceptor membrane pre- 

parations. The gas-liquid chromatographic pattern of  the methyl esters of  

T A B L E  I 

L I P I D  C O M P O S I T I O N  O F  S Q U I D  P H O T O R E C E P T O R  M E M B R A N E S  

T h e  v a l u e s  are t h e  ave r a ge  o f  d u p l i c a t e  d e t e r m i n a t i o n s  f r o m  t h r e e  d i f f e r e n t  s a m p l e s  o f  s q u i d  p h o t o r e c e p -  

t o t  m e m b r a n e s  a n d  are e x p r e s s e d  as r e l a t i v e  t oo l% ± S.D.  

L i p i d  c lass  m o l %  

Ly  s o p h o s p h a t i d y l c h o l i n e  1 .7  + 0 .2  

L y s o p h o s p h a t i d y l e t h a n o l a m i n e  3 .9  - 0 .4  
S p h i n g o m y e l i n  1.3 ~ 0 .1  

P h o s p h a t i d y l s e r i n e  4 .0  ± 0 .4  

P h o s p h a t i d y l c h o l i n e  3 2 . 2  e 0 . 4  

P h o s p h a t i d y l e t h a n o l a m i n e  3 0 . 6  ~ 0 .6  

U n k n o w n  p h o s p h o l i p i d s  0 . 5  ± 0 .2  
T o t a l  p h o s p h o l i p i d  7 4 . 2  ~ 1.4 

F ree  f a t t y  ac ids  8 .6  -+ 1.5 

C h o l e s t e r o l  1 7 . 2  ± 0 .1  
T o t a l  n e u t r a l  l i p i d  25 .8  ± 1 .4  
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Fig. 3. (A) Gas-liquid chromatogram of a standard mixture of neutral lipids and (B) gas-liquid chromatog- 

ram of the neutral lipids of squid photoreceptor membrane preparations. (The abbreviations are given in 

the text.) 

third of the neutral lipids (8.6 mol % of total lipid). 
Fatty acid composition of the lipids of squid photoreceptor membrane pre- 

parations. The gas-liquid chromatographic pattern of the methyl esters of 

TABLE I 

LIPID COMPOSITION OF SQUID PHOTORECEPTOR MEMBRANES 

The values are the average of duplicate determinations from three different samples of squid photorecep- 

tor membranes and are expressed as relative mol% 2 S.D. 

Lipid class mol% 

Lysophosphatidylrholine 1.7 ? 0.2 

Lysophosphatidylethanolamine 3.9 I 0.4 

Sphingomyelin 1.3 t 0.1 

Phosphatidylserine 4.0 ? 0.4 

Phosphatidylcholinc 32.2 i 0.4 

Phosphatidylethanolamine 30.6 I 0.6 

Unknown phospholipids 0.5 t 0.2 

Total phospholipid 74.2 r 1.4 

Free fatty acids 8.6 z 1.5 

Cholesterol 17.2 i 0.1 

Total neutral lipid 25.8 t 1.4 
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phosphatidylethanolamine from the squid retina membrane preparations is 
given in Fig. 4. Temperature programming facilitated the separation of shorter 
chain esters yet  allowed the elution of the long chain polyunsaturates in less 
than 35 min. Identification was made on the basis of elution patterns com- 
pared to authentic esters before (Fig. 4A) and after (Fig. 4B) catalytic hydro- 
genation. 

The fat ty acid composit ions of the lipids of squid photoreceptor  membranes 
given in Table II are unlike those reported for any other membrane preparation 
in that  they contain unusually high percentages of long chain polyunsaturated 
fatty acids. For example, phosphatidylethanolamine and lysophosphatidyl- 
ethanolamine each contain almost 90% polyunsaturated fat ty acids, the most 
abundant  of which is 22:6c03. Free fat ty acids have 75% long chain polyun- 
saturates, the most abundant  of which is 20:5c03. Phosphatidylcholine and 
phosphatidylserine contain 58 mol % long chain polyunsaturates,  which is the 
lowest level found in any of the squid retinal lipids. 

There are no quantitatively significant amounts  of short chain fatty acids 
(less than 14:0) which Mason et al. [12] reported make up 19% of the total 
fat ty acids of squid photoreceptor  membranes. 

Discussion 

An unexpected finding in this investigation was the unusually large amount  
of polyunsaturated fat ty acids in each of the lipid classes of the squid mem- 
branes. To our knowledge, the value of 90% polyunsaturated fat ty  acids in 
lysophosphatidylethanolamine and phosphatidylethanolamine is the highest 
ever reported.  In the one other invertebrate photoreceptor  membrane prepara- 
tion that we have analyzed [11],  long chain polyunsaturates comprised about  
50% of the total fat ty acids. Zinkler [10] also found at most 50% polyunsatu- 
rates in the moth eye. In all of the vertebrate photoreceptor  membranes we 
have examined, the levels of long chain polyunsaturated fatty acids rarely 
exceed 50--55% in phosphatidylethanolamine and phosphatidylserine, and the 
levels in phosphatidylcholine are usually of the order of 25--30%. Therefore, 
the values we report  for squid are higher than ever observed in either vertebrate 
or invertebrate photoreceptor  membranes. 

The types of long chain polyunsaturated fat ty acids found in the squid pho- 
toreceptor  membrane preparations are also unlike those of either vertebrate or 
invertebrate membranes. The major polyunsaturates of the moth eye [10] are 
18:3co3 and 20:5co3, while 20:4co6 and 20:5co3 are the major components  of 
Lim ulus photoreceptor  membranes [11l .  Neither of these invertebrates con- 
tain 22:6co3, which is the major polyunsaturate of vertebrate photoreceptor  
membranes [1]. Although vertebrates may contain up to 6--8% 20:4co6, they 
usually contain only trace amounts of 20:5co3. Therefore, prior to our ana- 
lysis of squid photoreceptors  there were clear-cut differences between the 
types of  polyunsaturated fat ty acids in vertebrate and invertebrate photorecep- 
tor membranes. However, our finding of large amounts  of 20:4co6, 20 : 5~ 3 ,  
and 22:6co3 in all lipid classes of the squid photoreceptor  membranes now 
prevents any broad generalization regarding the types of fat ty acids found in 
vertebrates and invertebrates. 
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The high levels of free fat ty  acids in squid photoreceptor  membranes remain 
an enigma. While they may have resulted from lipolysis of membrane phos- 
pholipid, the fat ty  acid composi t ion shown in Table II argues against this pos- 
sibility. The free fat ty  acids contain over 30 mol % 20:5co3, whereas the poten- 
tial lypolytic substrates, phosphatidylcholine and phosphatidylethanolamine, 
contain only 4.6 and 6.5 mol %, respectively, of  this fa t ty  acid. Preferential 
hydrolysis of  20:5co3 would then be required to produce the high levels seen in 
the free fat ty  acids. However, the level of 20:5cJ3 in lysophosphatidylethanol- 
amine is the same as in phosphatidylethanolamine, indicating no preferential 
hydrolysis. 

Mason et al. [12] examined the lipids of squid photoreceptor  membranes 
from L. pealei and found high levels of  short chain polyunsaturated fat ty acids, 
low levels of  long chain polyunsaturates,  and significant quantities of  trigly- 
cerides and cholesterol esters. Our results disagree on all four points. Gas- 
liquid chromatography of  native and hydrogenated methyl esters did not  show 
any short chain fat ty acids (Fig. 4), and triglycerides and cholesterol esters 
were not  detected in any of  the high temperature gas liquid chromatograms of  
the total neutral lipids from squid photoreceptor  membranes (Fig. 3). We can 
not  reconcile the differences between our results and those of  Mason et al., 
except  for the possibility that  their gas chromatography conditions were not  
opt imum for quanti tat ion of long chain polyunsaturated fat ty acids. 

Goldsmith and Wehner [19] recently reported that  the translational and 
rotational diffusion of rhodopsin in photoreceptor  membranes from the cray- 
fish retina is restricted compared to vertebrate membranes. Unfortunately,  no 
chemical analyses have been carried out  on crayfish rh~bdoms, and no mobili ty 
studies have been done on squid rhodopsin. The mobility of  a protein in a 
bilayer is a function of  such factors as cholesterol content,  fa t ty  acid composi- 
tion, phospholipid class composit ion,  surface cations and lipid/protein ratios, as 
well as the relative proport ions of the protein imbedded in the bilayer. If the 
protein substructure in squid photoreceptor  membranes eventually proves to be 
rigid, the lipid/protein ratios may prove the deciding factor, since the lipid pro- 
files seem to favor the opposite alternative. 
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