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SUMMARY 
The syn thes i s  and spec t roscop ic  p r o p e r t i e s  of t h e  t i t l e  
compound as w e l l  as i t s  p recu r so r s  a r e  descr ibed.  
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INTRODUCTION 

Ha lobac te r i a ,  l i v i n g  i n  waters of very high salt concen t r a t ions ,  have pu rp le  

membranes which they u t i l i z e  a s  energy t ransducers .  Absorption of l i g h t  by t h e  

membrane causes  protons t o  be pumped out of t h e  cell  thereby convert ing 

photoenergy t o  chemical energy. 

bacter iorhodopsin,  folded i n t o  i t s  l i p i d  b i l a y e r .  The co lo r  i s  due t o  t h e  

presence of one equivalent  of r e t i n a l ,  3,7-dimethyl-9-(2,6,6-trimethyl- 

l-cyclohexen-l-yl)-2,4,6,8-nonatetraenal, cova len t ly  bound t o  t h e  p r o t e i n  through 

a protonated Schiff  base l inkage. Although considerable  information about t h e  

purple  membrane has become a v a i l a b l e  s i n c e  t h e  i n i t i a l  r epor t  by Oes te rhe l t  and 

Stoeckenius,  s e v e r a l  important ques t ions  remain t o  be answered (1). Cen t ra l  i s  

t h e  ques t ion  of t h e  mechanism of t h e  l i gh t -d r iven  proton pumping a c t i v i t y .  

Several  spec t roscop ic  in t e rmed ia t e s  of i t s  photocycle have been e s t a b l i s h e d  and 

t h e  s t r u c t u r e  of t h e  chromophore i n  each in t e rmed ia t e  is g radua l ly  being 

e luc ida ted  by resonance Raman, "R, and o t h e r  spec t roscop ic  techniques.  

clear, however, t h a t  changes i n  t h e  d i s p o s i t i o n  of t h e  p r o t e i n  and l i p i d  

The purple  membrane contains  a s i n g l e  p r o t e i n ,  

It i s  
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environment surrounding t h e  bound r e t i n a l  a l s o  con t r ibu te  t o  producing t h e  

d i f f e r e n t  spec t roscop ic  in t e rmed ia t e s  of t h e  photocycle ( 2 ) .  

purple  membrane system has not been a s  amenable t o  high r e s o l u t i o n  t h r e e  

dimensional s t r u c t u r e  e l u c i d a t i o n  as o t h e r  p r o t e i n  systems have and thus a f u l l  

understanding of how these  environmental  e f f e c t s  ope ra t e  w i l l  have t o  wait .  

Unfortunately t h e  

Another way t o  probe r e t i n a l ' s  changing environment i s  t o  p h o t o a f f i n i t y  l a b e l  

The i t s  neighbors a t  p a r t i c u l a r  s t ages  of t h e  photocycle f o r  subsequent analyses .  

s y n t h e s i s  of two r e t i n a l  analogues: 

2E,4E,6E,8E-n0natetraenal-l-~H (3) and 3-( [ 1 - 1 4 C ] - d i a z o a c e t o x y ) - ~ - r e t i n a l  ( 4 ) ,  

f o r  p h o t o a f f i n i t y  l a b e l i n g ,  have been r epor t ed  during t h e  course of t h i s  study. 

We report  here  t h e  s y n t h e s i s ,  i nco rpora t ion ,  and gene ra l  p h o t o a f f i n i t y  l a b e l i n g  

s t u d i e s  of a d i f f e r e n t  analogue of r e t i n a l :  

2' ,6'-dimethylphenyl)-2E,4E,6E,8E-n0natetraenal-l-~H (Lh). P h o t o a f f i n i t y  l a b e l i n g  

3,7-dimethyl-9-(3'-(3H-diazirinyl)phenyl)- 

3,7-dimethyl-9-(4'-(3H-diazirinyl)- 

s t u d i e s  using I@ have s u c c e s s f u l l y  been c a r r i e d  out t o  determine whether r e t i n a l  

br idges p ro te in  molecules i n  t h e  purple membrane (5). 

Methyl groups were introduced at t h e  2' and 6' p o s i t i o n s  of t h e  aromatic  r i n g  

t o  mimic t h e  1,l and 5-methyls present  i n  r e t i n a l .  The placement of t h e  d i a z i r i n e  

group on t h e  aromatic  r i n g  permits  t h e  environment of r e t i n a l ' s  cyclohexenyl r i n g  

t o  be probed f o r  it is  t h e r e  where a l a r g e  change of charge is expected when 

ground s t a t e  bacter iorhodopsin is photolyzed t o  t h e  f i r s t  exc i t ed  s i n g l e t .  A 

p r o t e i n i c  Bronsted ac id  i s  suggested t o  be present  i n  t h i s  region (6 ) .  Moreover, 

it may be poss ib l e  t o  ga the r  f u r t h e r  information concerning t h e  na tu re  of one 

of t h e  two point charges predicted t o  be near t h e  cyclohexenyl r i n g  and t o  be 

p a r t i a l l y  r e spons ib l e  f o r  t h e  opsin s h i f t  (2a) .  

environment at d i f f e r e n t  photocycle s t a g e s  might provide f u r t h e r  information 

concerning t h e  point charge model. 

Being a b l e  t o  probe t h e  

The syn thes i s  of t h e  t i t l e  compound was  c a r r i e d  out according t o  t h e  

r eac t ions  shown in Scheme I. 
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Scheme I 

Synthesis  of t h e  d i a z i r i n e  r i n g  (2) was c a r r i e d  out according t o  t h e  method 

of Smith and Knowles (7 )  which r equ i r e s  t h e  use of ammonia and t-BuOC1 followed by 

ox ida t ion  with yellow mercuric oxide a t  4 ' ,  i n  t h e  dark. 

gene ra t ion  of a fonnyl group i n  t h e  4-posi t ion of 1. which was accomplished by 

benzy l i c  NBS-bromlnation (2 + A ) ,  hydro lys i s  t o  t h e  corresponding a l coho l  

(2 + A ) ,  followed by oxidat ion with a c t i v e  manganese dioxide.  

NBS-bromination t h e  aldehyde group s u f f e r s  H-atom a b s t r a c t i o n  t o  gene ra t e  t h e  acy l  

bromide which upon t reatment  with methanol, y i e l d s  t h e  ester (3). 

This necess i t a t ed  p r i o r  

During 

E labora t ion  of t h e  polyene chain was accomplished i n  two s t ages  through 

Emmons-Horner r e a c t i o n s  of t h e  precursor  aldehydes with d i e t h y l  

phosphonoacryloni t r i le  (8). The aldehydes as w e l l  as t h e  f i n a l  unlabeled 

aldehyde, were generated by DIBAL-reductions (9)  of t h e  e s t e r  (a), and n i t r i l e s  (8 
and lo), r e spec t ive ly .  S t r u c t u r a l  assignments are supported by NMR, and i n  t h e  

case of t he  unlabeled t a r g e t  c 

r e s o l u t i o n  mass spectrometry.  

The r e t i n a l  analogue (1) 
apomembrane e x h i b i t s  a maximum 

m e s i t y l [ r e t i n a l ]  (Amax 460 m) 

mpound and i t s  precursor  n i t r i l e ,  by high 

Amax (hexane) 364 nml when incorporated i n t o  

a t  450 m. This  is similar t o  t h a t  found f o r  

but s h i f t e d  t o  s h o r t e r  wavelength with r e spec t  t o  
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n a t i v e  bR. Previous s t u d i e s  ( l o ) ,  with bacter ioopsin combined with 

m e s i t y l [ r e t i n a l ] ,  a c lose  analogue of 1, have, however, demonstrated t h e  s y n t h e t i c  

membrane's a b i l i t y  t o  photocycle,  a l b e i t  slowly, and t o  form an N-type photocycle 

intermediate .  

Spec i f ic  peaks i n  the  e l e c t r o n i c  spectrum of the  recons t i tu ted  membrane due 

t o  the  d i a z i r i n e  group w a s  not evident .  I r r a d i a t i o n  at 365 nm, however, r e s u l t e d  

i n  labe l ing  the  pro te in  by approximately 30% of t h e  d i a z i r i n e  groups present .  

EXPERIMENTAL 

Hethyl 4-bro~olethyl-2,bdi~ethylbenzoate (3). Mesityl  aldehyde ,( 10 mL, 

67 mmol) dissolved i n  500 mL of C C 1 ,  was allowed t o  react wih 25 g (140 mmol) of 

N-bromosuccinimide (3) .  The mixture was  ref luxed under l i g h t  from a 200 w 

tungsten lamp f o r  1 hour. Af te r  t h e  mixture cooled t o  room temperature,  20 m l  of 

methanol was  added and t h e  mixture  was f i l t e r e d  and concentrated.  The residue w a s  

p u r i f i e d  by f l a s h  chromatography (0.8 x 22 c m  S i O ,  5% THFfhexane, Rf 0.15). 

Yield 2.8 g (16%). 

( 6 ,  2H,  C H 2 )  3.90 ( s ,  3H, OCH3), 2.30 ( 6 ,  6H, ring-methyls). 

'H NMR ( C D C 1 3 ,  i n t  TMS): 6 7.06 ( 8 ,  2H, aromatic-H's), 4.40 

Methyl 4-hydroxynethyl-2 , b d i r e t h y l b e a z o a t e  (5). Methyl 4-bromomethyl-2,6- 

dimethylbenzoate (5 g ,  19.5 m o l )  i n  50 mL of a c e t i c  ac id  containing 3.2 g 

(39 mmol) of sodium a c e t a t e  w a s  ref luxed f o r  6 hours and t h e  solvent  removed under 

reduced pressure.  

acetate. 

C H z ) ,  3.90 ( s ,  3H, OCH3), 2.30 ( 8 ,  6H, r ing  methyl) ,  2.09 ( 6 ,  3H, CH3CO). 

The residue was used d i r e c t l y  f o r  t h e  hyro lys i s  of t h e  

'H NMR (CDC13, i n t  TMS): 6 7.01 (s ,  2H, aromatic-H's), 5.03 ( 8 ,  2H, 

Sodium hydroxide (22%) was added t o  the  crude acetate i n  20 mL of methanol 

u n t i l  t h e  so lu t ion  was s t rongly  basic .  The s o l u t i o n  was  heated f o r  5 mln a t  70" 

and then s t i r r e d  overnight at room temperature.  The methanol w a s  evaporated and 

t h e  aqueous layer  ex t rac ted  with e ther .  The sodium su l fa te -dr ied  e t h e r  e x t r a c t  

yielded 3 g (77%) of methyl 4-hydroxymethyl-2,6-dimethylbenzoate. T l c :  Si02, 10% 

THF/hexane, Rf 0.06. 

4.61 ( 8 ,  2H, CH2),  3.89 ( 6 ,  3H, OCB-3). 2.30 ( s ,  6H, ring-methyls). 

'H NMR (CDC13, i n t  TMS): 6 7.01 ( 6 ,  2H, aromatic-H's), 

4-Carbolethoxy-3,5-di~thylbeazaldehyde (2). Methyl 4-hydroxymethyl-2,6- 

dimethylbenzoate 3 g,  15.5 mmol) i n  30 mL of methylene ch lor ide  w a s  s t i r r e d  with 
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1 g of a c t i v e  manganese dioxide f o r  8 hours a t  ambient temperature.  The mixture 

w a s  f i l t e r e d  through Celite and then f l a s h  chromatographed on s i l ica  g e l  

(0.5 x 15 cm, 10% THFlhexane, Rf 0.19). Recovered s t a r t i n g  material was 

recycled with f r e s h  manganese dioxide.  

(CDC13, i n t  TMS): 

OCHJ), 2.35 ( 8 ,  6H, CH3). 

Yield 1.4 g (7.3 m o l ,  47%). 'H NMK 

6 9.94 ( 6 ,  l H ,  CHO), 7.52 ( 8 ,  2H, aromatic-H's), 3.93 ( 8 ,  3H, 

Wethyl 4-(3Rdiaririnyl)-Z,bdinethylbenzoate ( 6 ) .  - Liquid ammonia (5 mL at 

-78" was mixed with 15 mL of methanol, previously cooled t o  -40°, t o  provide an  

appropr ia te  10 N so lu t ion .  To this s o l u t i o n ,  at -40", was  added dropwise, a 

mixture of 1.3 mL of p b u t y l  a lcohol  and 1.3 m l  of t - b u t y l  hypochlor i te  over a 

period of 10 min. 

(5.7 mmol) of 4-carbomethoxy-3,5-dimethylbenzaldehyde. The mixture was kept at 

-40" f o r  1 hour and then allowed t o  warm t o  0" over 5 hours during which t i m e  t h e  

aldehyde slowly dissolves .  

where it was s t i r r e d  vigorously i n  t h e  dark. 

mercuric oxide were added every 8-12 hours u n t i l  t h e r e  w a s  no observable i n c r e a s e  

i n  t h e  u l t r a v i o l e t  absorpt ion i n  t h e  350-390 nm region of an a l iquot  i n  hexane. 

The mixture w a s  f i l t e r e d ,  t h e  f i l t r a t e  poured i n t o  50 mL of 10% sodium b i s u l f a t e  

s o l u t i o n  and t h e  aqueous l a y e r  ex t rac ted  with e t h y l  acetate (3 x 50 mC). 

combined e t h y l  a c e t a t e  e x t r a c t s  were washed with br ine  and dr ied over sodium 

s u l f a t e .  The product was i s o l a t e d  by prepara t ive  t l c  (s i l ica  g e l ,  1 m, two 

developments with 10% THF/hexane, Kf 0.31). Yield 81 mg (7%).  'H NMR (CDC13, 

i n t  TMS): 6 6.55 ( 6 ,  2H, aromatic-H's), 3.89 ( 6 ,  3H, OCH3), 2.27 ( 6 ,  6H, r i n g  

CH3), 1.97 ( 6 ,  l H ,  CHN2); uv: hax ( d i a z i r i n e )  362 nm. 

4-(3-diazirinyl)-Z ,bd i re thylbenza ldehyde  (L). 

After  30 min at -40" t h e  s o l u t i o n  was poured over 1.1 g 

The mixture was then placed i n  t h e  cold room (4") 

Por t ions  of 500 mg of yellow 

The 

Methyl 4-( 3H-diazirinyl)-2,6- 

dimethylbenzoate (50 mg,  0.24 mmol) i n  10 mL of benzene was s t i r r e d  a t  room 

temperature a f t e r  t h e  addi t ion  of 1 mL of a f r e s h  1 M so lu t ion  of DIABAL i n  

hexane. The progress of t h e  reac t ion  was monitored by t l c  ( s i l i c a  g e l ,  lo%, 

THF/hexane). The reac t ion  was complete i n  1 hour when it was t r e a t e d  s e q u e n t i a l l y  

with 2 g of s i l i c a  g e l  containing 400 UL of water, 5 mL of e t h e r  and 5 ml. of 

hexane. The mixture was s t i r r e d  f o r  15 min and f i l t e r e d .  The silica g e l  was 

washed with methylene chlor ide.  Af te r  drying,  t h e  solvent  was evaporated and t h e  
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crude alcohol  in 5 mL of CH2C12 w a s  s t i r r e d  overnight with 300 mg of a c t i v a t e d  

Mn02. 

1 mm, 10% THF/hexane, Rf 0.29). Yield 12 mg 28%. Uv (hexane) hx 360 mu. 

'H NMR (CDC13, i n t  TMS): 

( s ,  6H, r ing  methyls) ,  2.01 ( 6 ,  l H ,  CHN2). 

The mixture was f i l t e r e d  through C e l i t e  and pur i f ied  by t l c  ( s i l i c a  g e l ,  

6 10.56 ( s ,  l H ,  CHO), 6.60 ( 6 ,  2H, aromatic-H's), 2.57 

1-~ano-2-~ethyl-4-(4'-(3E-diazl~nyl)-2~,6'-dlmethylphenyl)-l~, 3E-butadiene 

(5). 
(E)-3-methyl-4-(diethylphosphono)acrylonitrile ( 8 , l l )  was dissolved i n  5 mL of 

benzene and 72 mg (1.5 mmol) of sodium hydride (in mineral o i l )  was added a t  

ambient temperature.  The reac t ion  mixture turned red and was s t i r r e d  a t  35" for  

30 min. 4-(3H-Diazirinyl)-2,6-dimethylbenzaldehyde ( -  0.5 mmol) was 

added i n  2 mL of benzene and the  mixture s t i r r e d  overnight.  The reac t ion  was 

quenched with br ine  and the mixture ex t rac ted  with e t h y l  ace ta te .  

e x t r a c t  over sodium s u l f a t e ,  the  res idue ,  a f t e r  solvent  evaporat ion,  was 

chromatographed on 1 m- th ick  s i l ica  g e l  p l a t e s  (10% THFlhexane, Kf 0.21). 

(CDC13,  i n t  TMS): 

I n  a t y p i c a l  run 325 mg (1.5 mmol) of 

After  dryng t h e  

"R 

6 6.96 (d ,  l H ,  J 16.7, v i n y l ) ,  6.58 ( 6 ,  2H, aromatic-H's), 6.32 

(d ,  l H ,  J 16.7 v i n y l ) ,  5.26 (s ,  l H ,  H-l), 2.27 ( s ,  6H, ring-methyls), 1.97 ( s ,  l H ,  

CHNz),  1.54 ( s ,  3H, 2-CH3). Uv (hexane) Lx ( d i a z i r i n e )  367 mu. 

3-Xet hyl-5-( 4' -( 3li-diazirinyl)-2' ,6'-dimet hylpheny1)- 2E ,4E-pent adlenal (2) . 
l-Cyano-2-methyl-4-(4'-(3H-diazirinyl)-2', 6'-dimethylphenyl)-lE,3E-butadiene 

(3.9 mg) dissolved i n  5 mL of methylene ch lor ide  and cooled in ice, was s t i r r e d  

and t r e a t e d  every 30 min with 100 uL port ions of a f r e s h  1 M s o l u t i o n  of DIBAL i n  

toluene u n t i l  t l c  ind ica ted  the  absence of starting mater ia l .  The reac t ion  

mixture was quenched by the  addi t ion  of moist silica g e l ,  followed by THF, and 

then water. It w a s  then s t i r r e d  f o r  30 min, f i l t e r e d  and dr ied  t o  provide t h e  

aldehyde. NMR (CDC13, i n t  TMS): 6 10.17 (d ,  IH, J 7.9, CHO), 6.59 ( 8 ,  2H, 

aromatic-Ills), 6.00 (d,  l H ,  J 7.7, H-2) ,  6.39 (d,  l H ,  J 16.3, €I-41, 2.40 (s ,  3H, 

3-CH3), 2.29 ( 8 ,  6H, r ing  methyls),  1.97 ( 6 ,  l H ,  CHN2). Uv (hexane): )Lmax 370 

and 390 nm (shoulders) .  T l c :  S i O p ,  10% THF/hexane, Rf 0.12. 

l-Cyano-2,6-diaethyl-8-~4'-(3E-dlazlrlnyl)-2',6'-dillethylphenyl)-lB, 

3E,5E,7B-octatetraene (10). (E)-3-methyl-4-(diethylphosphono)-acrylonitrile 
(8,111 (200 mg) i n  5 mL of benzene was t r e a t e d  with 44 mg of sodium hydride (in 
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mineral o i l )  at room temperature.  The red reac t ion  mixture was s t i r r e d  a t  35" f o r  

30 min a f t e r  which 0.2 t o  0.5 m o l  of 3-methyl-5-(4'-(3H-diazirinyl)-2',6'- 

dimethylphenyl)-2E,4E-pentadienal was added. 

t r e a t e d  with br ine ,  and t h e  aqueous layer  ex t rac ted  with e t h y l  acetate. 

residue obtained from t h e  sodium su l fa te -dr ied  s o l u t i o n  was  chromatographed on 

1 m - t h i c k  s i l i c a  p l a t e s  using 10% THF/hexane as so lvent ,  Rf 0.15. 

300 MHz): 

2H, aromatic-H's), 6.35 (d ,  l H ,  J 16.4, H-71, 6.34 (d ,  J 14.9, H-31, 6.19 ( d ,  l H ,  

The mixture was  s t i r r e d  o v e r d g h t  , 
The 

NMR (CDC13, 

6 6.97 (dd, l H ,  J 14.7, 11.4, H-41, 6.69 (d ,  l H ,  J 16.4, H-81, 6.58 ( 6 ,  

J 11.4, H-5), 5.22 ( 8 ,  l H ,  H-1). 2.29 ( 8 ,  6H, aromatic methyl),  2.24 ( 6 ,  3H, 

2-CH3), 2.10 ( 6 ,  3H, 6-CH3), 1.98 ( 6 ,  l H ,  CHI2). MS: M' 303.1732; c a l c  f o r  

C20H21N3: 303.1735. uv (hexane): bX 356 nm. 

3,7-M~thyl-9-(4'-(3E-diazi~ayl)-2',6'-di9ethylphenyl)-2E,4E,6E,8E- 

nonatetraenal (&). 

with  a 1 M DIBAL in hexane s o l u t i o n  by t h e  same method a s  described above f o r  t h e  

reduct ion of l-cyano-2lnethyl-4-(4'-(3H-diazirinyl)-2',6'-dimethylphen~l)- 

lE,3E,-butadiene. Yield: - 3 mg. NMR(CDCl3, 300 MHz): 6 10.12 (d ,  l H ,  J 8.3, 

The corresponding ni t r i le  was reduced i n  methylene ch lor ide  

CHO), 7.15 (dd, l H ,  J 11.2, 15.0,H-5),6.70 ( d ,  l H ,  J 16.3,H-9), 6.58 ( 8 ,  2H, 

aromatic-H's), 6.42 (d,  l H ,  J - 14.4, H-k), 6.37 (d ,  l H ,  J 16.3, H-8), 6.26 (d ,  

l H ,  J 10.9,H-6) 5.99 (d,  l H ,  J 8.1, H-2), 2.33 ( 6 ,  3H, 3-CH3), 2.29 ( 6 ,  6H, r ing  

methyl),  2.11 ( 6 ,  3H, 7-CH3),1.97 ( 6 ,  l H ,  CHN2). Uv (hexane): bx 364 nm 

( E  = 64000). MS: M+ 306.1687; calc f o r  C20H22N20: 306.1732. T l c :  S102, 10% 

THF/hexane, Rf 0.07. 

3,7-Diwthyl-9-(4'-<3E-diat~rinyl)-2',6'-di~ethylphenyl)-2E,4E,6E,8E- 

nonatetae~al-l-~li (la). 
v i a l  and t o  t h i s  was added a s o l u t i o n  of 25 mCi  (273 mCi/mmol) of NaBH4 (Amersham) 

i n  500 uL of r e d i s t i l l e d  ethanol .  The s o l u t i o n  was s t i r r e d  in the  dark f o r  30 min 

a f t e r  which 50 uL of acetone w a s  added and t h e  mixture s t i r r e d  f o r  another 

The unlabeled aldehyde ( - 3 mg) was t r a n s f e r r e d  t o  a 

30 min. 

e thanol  was  added and t h e  solvent removed again.  The labeled r e t i n o l ,  i n  500 UL 

of methylene ch lor ide  was s t i r r e d  with 30 mg of ac t iva ted  manganese dioxide f o r  

30 mln. 

repeated for  another 30 min. 

Ethanol and 2-propanol were removed under vacuum. Five hundred UL of 

An a d d i t i o n a l  30 mg of manganese dioxide w a s  added and t h e  s t i r r i n g  

The mixture was f i l t e r e d  through C e l i t e  and t h e  
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major amount of so lven t  was removed i n  a s t ream of argon. The product was 

i s o l a t e d  by p r e p a r a t i v e  t l c  (0.25 mm silica g e l ) .  

38.3 mCi/mmol. 

Yield 612 ug; s p e c i f i c  a c t i v i t y  

R e c o n s t i t u t i o n  of bacter iorhodopsin.  Nat ive bac te r io rhodops in  w a s  bleached i n  

t h e  usua l  way with hydroxylamine under orange l i g h t  ( 1 2 ) .  

washed thoroughly t o  remove hydroxylamine and an a l i q u o t  was t i t r a t e d  

spec t ropho tomet r i ca l ly  wi th  r e t i n a l  t o  determine t h e  concen t r a t ion  of a c t i v e  

p r o t e i n .  

e t h a n o l ,  w a s  added t o  53.7 mg (2.02 umol) of t h e  apomembrane i n  44 m l  of 0.1 M 

sodium N-2-hydroxyethylpiperazine-N'-2-ethane s u l f o n a t e  (HEPES) b u f f e r  s o l u t i o n  

(pH 7.2). The s o l u t i o n  was kept at 4" i n  t h e  dark overnight .  The membrane w a s  

t h e n  washed wi th  2% of d e l i p i d a t e d  bovine serum albumin (Sigma) in 0.1 M HEPES 

( 4  x 50 mL) and then  with 0.1 tl HEPES (4 x 50 mL) according t o  t h e  method of 

Katre et  a1 (13). 

The apomembrane was 

The t r i t a t e d  d i a z i r i n e  r e t i n a l  analogue (612 ug ) ,  i n  a s m a l l  volume of 

P h o t o a f f i n i t y  labeling. I n  a t y p i c a l  experiment 38 ug of l a b e l e d  membrane 

(0.69 uCi/mL) and 76 ug of un labe led  d i a z i r i n y l  membrane w e r e  suspended i n  120 uL 

of 0.05 M HEPES. Ten uL a l i q u o t s  were i r r a d i a t e d  with a Bausch and Lomb h igh  

p r e s s u r e  mercury lamp (SP-200) us ing  a Bausch and Lomb monochromator 

(#  33-86-07). Non-covalently bonded r e t i n a l  analogue w a s  removed by t h e  method of 

Huang et  al .  ( 3 )  which invo lves  membrane d e n a t u r a t i o n  and r e t i n a l  d i s s o c i a t i o n  

from t h e  p r o t e i n  i n  10% SDS s o l u t i o n ,  p r o t e i n  p r e c i p i t a t i o n  wi th  e t h a n o l ,  and 

washing. 

Aquasol (New England Nuclear) .  

P r o t e i n  r e s i d u e s  were d i s s o l v e d  i n  sodium hydroxide and counted i n  
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