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SU M M A R Y  

Laser Raxnan spectroscopy is used to examine the interactions of intrinsic 
and extrinsic proteins with the lipid layer structure. The interactions of cytochrome c 
and cytochrome c oxidase with lipids have been well established by others using a 
variety of techniques. Cytochrome c is thought to act as an extrinsic membrane pro- 
tein while cytochrome c oxidase is though~ to act as an intrinsic membrane proteir,. 
The lipid-cytochrome c and lipid cytochrome c oxidase systems are used to assizt in 
interpreting the spectral changes due tt, extrinsic and intrinsic protein interact;~ns. 
The two types of proteins examined produced differential changes in the l~pid hyAro- 
carbon C-H stret,'h Raman modes for both dimyristoyl and dipalmitoyl phosphati- 
dylcholine. The plasma proteins albumin and fibrinogen were also found to differen- 
tially affect the lipid hydrocarbon C-H stretch Raman modes. These proteins appear 
to it, teract wi*.h lipids in an extrinsic manner different from that ¢f cytochrome c. 

I N T R O D U C T I O N  

Work in this laboratory on lipid-protein systems [1 ] has led us io examine 
the effect of characterized extrinsic and intrinsic membrane proteins on the phospha- 
tidylcholine Rarnan spectrum in order to assist in understanding the influence of 
various protein types on the lipid Raman spectrum. We have noted [1 ] that the addi- 
tion of proteins to lipid dispersions significantly lowers the signal of the lipid hydro- 
carbon chain Raman modes in the region around 1100 cm-  t and so have restricted 
this present study to the examination of the lipid Ram~m region around 2900 c m - t .  

The p r3teins cytochrome e oxidase and cytochrome e were chosen for this 
sludy because of the large amount of previously reported evidence on their specific 
interaction with phosphatidylcholine. ESR [2] and electron diffraction studies [3] 
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indicate that cytochrome c oxidase is a transmembrane intrinsic protein. By contrast, 
the accumulated evidence suggests that  cytochrome e interacts in an extrinsic fashion 
with phosphatidylcboline. Fo r  example, Blaurock [4, 5] found from ~maR angle 
X-ray scattering that  the interaction involves attachment of  cytochrome c at the hi- 
layer. For  cytochrome e interaction with mitochondrial membranes, Vaaderkooi et 
al. [6] used a spin label on the cysteine 103 and methionine 65 amino acid residues 
of  cytochrome c and found from their ESR studies that  only the methionine residue 
was immobilized. The interpi~.tation is that raethionine is bound to the mitochondrial 
membrane with the cysteine residue exposed to the solvent. This extrinsic interaction 
of  cytochrome c with the lipid layer structure causes an expansion of  the lipid mono- 
layer [7]. 

M A T E R I A L S  A N D  M E T H O D S  

1,2L-~-Dimirystoyl phosphatidylcholine and !,2 L- a-dipalmitoyl phosphatidyl- 
choline were used as obtained from Calbiochem. O×idized horse heart cytochrome c 
was provided by Prot: E. Margoliash and prepared in a 0.1 M Tris-HCI buffer at 
pH 7.0 for a 0.1 mM protien concentration. Cytochrome c oxidase prepared by the 
method of  Hartzell, C. R.,  (unpublished) in a Tris/cacodylate buffer at pH 7.8 with 
0.25 ~o Tween added for a 0.15 mM protein concentration, was also obtained from Prof. 
E. Margoliash. The lipid-protein ur, sonicated dispersions were prepared by mixing, 
at room temperature, a 4- ! weight rr.tio of  protein solution to lipid. The samples were 
allowed to equilibrate for approximately 2 h before being examined. This procedure 
favors the mixing of  the proteins with dimyristoyl phosphatidylcholivke which is near 
its liquid crystalline phase transition at room temperature. 

The Raman spectrometer has been descr :.bed previously [8 ]. Th,.- Raman spectra 
were obtained with an Argon ion laser operating at 488 or 5!4.5 rvm with a typical 
power of  0.45 W. All spectra taken for quantitative purposes were obtained with a 
band pass of  2--5 c m -  ~ and iatensities were judged by peak heights. The lipid-protein 
dispersions were sampled in I mm diameter melting point capillary ~i.~s b,-fore 
being placed in a flowing N2 cell for temperature control. At least four inde- 
pendent runs were made for each system with a maximum differenze in peak height 
intensity ratios of  ~ 0 .  ! obtain~.,t. Features arising from the resonance Raman spectra 
of  cytochrome c [9, 10] or cytoc'nrome c oxidase [11 ] were not observed in the lipid 
Raman spectra. This indicate.-: that only a small amount  of  protein is in the lipid 
phase sampled, since a 0.1 mM solution of  either protein will generally produce a 
resonance Raman spectrum. The resonance Raman spectrum ofcytochrome c oxidase, 
however, is generally very weak with the laser lines used. 

RESULTS A N D  DISCUSSION 

Bulkin and Krishnamachari [12], and recently Spiker and Levin [13] have 
presented convincing arguments for the assignments of  lipid R~unan peaks in the 
region around 2900 c m -  1 which are shown in Fig. 1. Bulkin and Krishnamachari  [12 ], 
Larsson [14 ], and Brown et al. [ 15 ] have observed broadening for the lipid Raman peaks 
in this region as temperature is increased which Bulkin and Krishnamachari  [12] 
ascribed to motional and/or  configurational broadening. In a dimyristoyl phospha- 
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Fig, I, Assignment o f  lipid Raman peaks in the region around 2900 c m -  i, DPL,  dipalmir.oyl phos- 
phatidyl,:holin©. 

tidylcholine dispersion containing 1 M CdSO~ as a marker, we have observed that 
although the intensity of  the lipid hydrocarbon peaks in the region around 2900 era- 
increases as the temperature of  the dispersion is lowered from room temperature to 
5 °C, the peak height intensity ratio 1 2 s g o / l z  s :~o remains constant (at !.2). By contrast, 
previous data collected above room temperature shows that the peak at approx. 
2890 c m -  t is differentially broadened in relation to the lipid Raman peak at approx. 
2850 cm-~  as th~ lipid dispersion goes through its liquid crystallipe phase transition 

T A B L E  1 

iasgQ/12asG A N D  lasso/l'~gaQ V A L U E S  F O R  L I P I D - P R O T E I N  SYSTEMS U N D E R  V A R I O U S  
C O N D I T I O N S  

t Lipid solut" ,I  l=~9o/l~aso Izaso, 12~au 

Dipalmitoyl phosphatidylcholin¢ 
*H=O !.2 
,O.! m M  c ytochrom© c (pH 7,0) !,2 
-4).! m M  cVtochrom¢ c (pH 7.8) 1,0 
-0.15 m M  cytochrome c oxidas¢ 1,0 

Dimyris toyi  phosphatidylcholinv 
-HzO Z .2 
-0.1 m M  cytochrom© c (pH 6.8) at 24 °C !,0 
-0.1 rnM eytoehronv: c (pH "/,4) at S °C 1,3 
-0.15 m M  eytochrom¢ e oxidase at 24 °C 0.9 
-0.15 m M  cytochrom¢ e oxidas¢ at 5 °C 1.0 

2.2 
2.2 
1.5 
1.3 

i .8 
1.5 
1.4 
1,2 
1.2 
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[15]. The lipid ratio I2~9o/I2s5o is therefore used as a measure of  the fluidity of  t l~  
lipid hydrocarbon chains. Larsson and Rand [16] have studied the effect of environ- 
ment of the lipid Raman peaks in the 2900 c m -  x region ~ d  their results indicate th~tt 
/2e5o/I293o ratio decreases as the polarity of  the hydrocarbon chain environment in- 
c r e s ~ s .  

The lipids dimyristoyl and dipalmitoyl phosphatidylcholine were studied and 
found at room temperature to have[,sg0/12sso of 1.2 while having an12sso/12930 of  
1.8 and 2.2 respectively (see Table i). 

Lipid-cytochrome c interaction 
In a slightly basic unbuffered solution of  cytochrome c (pH 7.8) it was found 

that the 12s 9o/I, s so and I2 s s o/129 30 ratios of both dimyristoyl and dipalmitoyl phos- 
ph~,tidylcholine affected as shown in Fig. 2. At pH 7.0, however, the 2900 crn "'~ 
teflon of dipaimitoyl phosphatidylcholine is not affected, whereas the corresponding 
region of dimyristoyl phosphatidylcholine is perturbed b:,, cytochrome c. In addition, 
as shown in Fig. 13 and Table 1, as the temperature of  the dimyristoyl phosphatidyl- 
choline-cytochrome c dispersions is lowered to 5 °C, the r2sgo/lzsso ratio returns to 

DPL & H20 

3000 2 900  280 0 27 C 0 
" V  (cm- i) 

Fig. 2. Ramen spectra in the ..:gion around 2900 cm- ~ of  dip~mitoyi phosphatidylcholine (DPL). 
cytochromc c (pH 7.8) dispersion ~od dipalmitoy! phosphatidylcholine-H=O dispersion 
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Fig. 3. Raman spectra in th© region around 2900 c m -  t o f  dimyristoyl phosphatidylcholine (DML)- 
cytochrome ¢ dispersions at different temperatures. 

the value of a normal dimyristoyl phosphatidylcholine-H20 system at room tempera- 
ture indicating that cytochrome c lowers anii/or broadens the lipid liquid crystalline 
transition temperature as has been observed by Papahad3opoulos, et al. [17] using 
differential scanning calorimetry. The lowering of the temperature, however, ha~ no 
effect on the llipid 121so/129aoratio whic[l is consistently ~ower than tha~' of dimyri- 
stoyl phosphatidylcholine-H20 solution at room temperature. This resuP, according 
to the emperical evidence presented by Larsson and Rand [16] it,.dicate,, that the lipid 
hydrocarbon chains are now in a more polar environment. This interpretation is 
somewhat difficult to reconcile with the extrinsic nature of cytochrome c. One pos- 
sibility is that the spreading of the lipid layer which arises upon i.xteraction with cyto- 
chrome c [7] leacts to the simultaneous entry of water into the layer. An alternative 
interpretation, which is less attractive because of  the evidence for extrinsic interaction, 
is that the protein has penetrated the lipid layer. 

Lipid-cytochrome e ox/dase interaction 
Cytochrome e oxidase, as shown in Fig. 4 and Table I, attbcts both the dipal- 

mitoyl and dimyristoyl phosphatidylcholine Raman spectrum in the region around 
2900 cm-1. In particular, the lasgo/12ss o lipid fluidity ratio is lowered in both cases, 
indicating that the lipid hydrocarbon chains have become more fluid. The change in 
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Fig. 4. Rare, an spectrum of  the effect of  cytochrome c oxidase in dimyristoyl phosphalidylcholin© 
(DML) and dipalrnit,~yl phosphatidylcholinc (DPL) dispersion.~ in the region around 2900 c m - t .  

lipid hydrocarbon fluidity with the addition ofcytochrome c oxidase is more dramatic 
for dimyristoyl phosphatidylcholine in which case lasgo[.,r,85o = 1.0. This ratio does 
not change when a dimyristoyl phospha~idylcholine-cytochrome c oxidase dispersion 
is lowered in temperature from room temperature to 5 °C which indicates that the 
equilibrium state for the lipid-cytochrome c oxidase mixture is more fluid than the 
equilibrium state for the dimyristoyl phosphatidylcholine-H20 dispersion. The ther- 
mal instability of cytochromc c oxidase prevents the direct observation of  the lipid 
T..  However, the observation of no change oi" 12sgo/.f2ss0 ratio value from room 
temperature to 5 °C for the dimyristoyl phosphatidyk:holine-cytochrome c oxidase 
dispersions implies a structural change of the low temperature lipid phase. This re- 
sult agrees with the general observation of Papahadjopoulos, et al. [17] that trans- 
membrane proteins only affect AHm of lipid dispersions and not I ' . .  In addition, the 
I289o/12sso lipid intensity ratio is lowered when cytochrome c oxidase is added to 
dimyristoyl and dipalmitoyl phosphatidylcholine dispersions and remains so in the 
temperature range 5-24 °C. 

Lipid-plasma protein interact, ion 
The effects of fibrinogen and albumin on the dimyristoyi and diplamitoyl 

phosphatidylcholine Raman spectrum at room temperature has been previously re- 
ported [l ]. We have recently extended these studies to find the effect of temperature 
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on the plasma protein-dimyri:;toyl phosphatidylcholine interaction. As the tempera- 
ture of  the dimyristoyl phosp~hatidylcholine-plasma protein dispersions is lowered to 

- 1  5 °C, the dimyristoyl phosph~tidylcholine spectrum in the region around 290C cm 
returns to that of the dimyristoyl phosphatidylcholine-H20 dispersions at room tem- 
perature for both fibrinogen and albumin. 

C O N C L U S I O N S  

It was shown that the intrinsic protein c)~ochrome c oxidase, the extrirtsic 
protein cytochrome c and the plasma proteins fibrinogen and albumin pro~u, re dif- 
ferential changes in the Raman spectra of both dimyristoyl and dipalmitoyl phospha- 
tidylcholine in the hydrocarbon C-H stretch region around 2900 cm-~.  The i~terac- 
tiott of  these three types of  proteins can thus be used to define ~he interactions ¢f  pro- 
teins of unknown type on the Raman spectra of lipids. In particular, it was sho~n that 
intrinsic transmembrane prot=in cytochrome ~ oxidase causes the lipid 1289dI2sso 
Raman intensity ratio to decrease. This ratio remains constam below the lipid liquid 
crystalline transition, in agreement with differemial scanning calorimeter studies [17 ]. 
The extrinsic membrane protein c3~ochrome c, which speads the lipid layer, was found 
to decrease the ratio 1285o[12:,3o both above and below the liquid crystal tra~sit~on 
temperature. In addition, the Iz89o/lz85o intensity ratio was temperature dependent 
in the presence of  cytochromv c. The presence of" the two plasma proteins (another 
type of extrinsic protein), fibrinogen and albunfin, causes th-. lipid Raman peak in- 
tensity ratios i2ego[I~.es o and 1285o/I293o to decrease at room temperature. At 5 °C 
both of  these r~tios have returned to the values for a standard dimyristoyl phospha- 
tidylcholine-water dispersion. It is therefore inferred that,  under our conditions, the 
proteins fibrinogen and albumin have very little, if any, effect on the dimyristoyl phos- 
phatidylcholine bilayer at low temperatures; whereas cytochrome c at low temper xtures 
retains some influence on the environment of  the hydrocarbon chains but not on their 
conformation. 
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