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SUMMARY

Laser Raman spectroscopy is used to examine the interactions of intrinsic
and extrinsic proteins with the lipid layer structure. The interacticns of cytochrome ¢
and cytochrome ¢ oxidase with lipids have been well establishied by others using a
variety of techniques. Cytochrome ¢ is thought to act as an extrinsic membrane pro-
tein while cytochrome ¢ oxidase is thought to act as an intrinsic membrane proiein.
The lipid-cytochrome ¢ and lipid cytochrome ¢ oxidase systems arc used to assist in
interpreting the spectral changes due o extrinsic and intrinsic protein interactiuns.
The two types of proteins examined produced differential changes in the Lpid hyiro-
carbon C-H stretch Raman modes for both dimyristoyl and dipaimitoyl phospk:ati-
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 irteract with lipids in an extrinsic manner different from that of cytochrome c.

INTRODUCTION

Work in this laboratory on lipid-protein systems [1] has led us v examine
the effect of characterized extrinsic and intrinsic membrane proteins on the phospha-
tidylcholine Raman 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-
curbon chain Raman modes in the region around 1100 cm™! and so have restricted
this present study to the examination of the lipid Raman region around 2900 cm 1.

The proteins cytochrome ¢ oxidase and cytochrome ¢ were chosen for this
study 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 ¢ oxidase is a transmembrane intrinsic protein. By contrast,
the accumulated evidence suggests that cytochrome ¢ interacts in an extrirsic fashion
with phosphatidylcholine. For example, Blaurock [4, 5] found from :mail angle
X-ray scattering that the interaction involves attachment of cytochrome ¢ at the bi-
layer. For cytochrome ¢ interaction with mitochondrial membranes, Vaanderkooi et
al. {6] used a spin labzl on the cysteine 103 and methionine 65 amino acid residues
of cytochrome ¢ and found from their ESR studies that only the methionine residue
was immobilized. The interpratation is that methionine is bound to the mitochondrial
membrane with the cysteine residue exposed to the solvent. This extrinsic interaction
of cytochrome ¢ with the lipid layer structure causes an expansion of the lipid mono-

layer [7].
MATERIALS AND METHODS

1,2L-2-Dimirystoyl phosphatidylcholine and 1,2 L-ax-dipalmitoy! phesphatidyl-
choline were used as obtained from Calbiochem. Oxidized horse hear: cytochrome ¢
was provided by Prof. E. Margoliash and prepared in a 0.1 M Tris--HC! buffer at
pH 7.0 for a 0.1 mM protien concentration. Cytochrome ¢ oxidase prepared by the
method of Hartzell, C. R., (unpublished) in a Tris/cacodylate buffer at nH 7.8 with
0.25 9, Tween added for a 0.15 mM protein concentration, was also obtained from Prof.
E. Margoliash. The lipid-protein ursonicated dispersions were prepared by mixing,
at room temperature, a 4 : 1 weight ratio 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 phosphatidylcholine which is near
its liquid crystalline phase transition at room temperature.

The Raman spectrometer has been described previously [8). Th: Raman spectra
were obtained with an Argon ion laser operating at 488 or 5'4.5 mm with a typical
power of 0.45 W. All spectra taken for quantitative purposes were obtained with a
band pass of 2--5 cm ™! and iatensities were judged by peak heights. The lipid-protein
dispersions were sampled in 1 mm diameter melting point capillary 1.abes bzsfore
being placed in a flowing N, cell for terperature control. At least four inde-
pendent runs were made for cach system with a maximum difference in peak height
intensity ratios of 3-0.1 obtaincd. Features arising from the resonance Raman spectra
of cytochrome ¢ {9, 10] or cytochrome ¢ cxidase {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 specirum. The resonance Raman spectrum of cytochrome ¢ oxidase,
however, is generally very weak with the laser lines used.

RESULTS AND DISCUSSION

Bulkin and Krishnamachari [12), and recently Spiker and Levin [13] have
presented convincing arguments for the assignments of lipid Raman peaks in the
region around 2900 cm ™! which are shown in Fig. 1. Bulkin and Krishnamachari [12),
Larsson [14], and Brown et al. [1 5] 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 broadsning. In a dimyristoyl phospha-
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Fig. 1. Assignrmaent of lipid Raman peaks in the region around 2900 cm~ . DPL, dipalmiroyl phos-
phatidylcholine.

tidylcholine dispersion containing 1| M CdSO, as a marker, we have observed that
aithough the intensity of the lipid hydrocarbon peaks in the region around 2900 cm ™!
increases as the temperature of the dispersion is lowered from room temperature to
5 °C, the peak height intensity ratio I, g90/725 50 remains constant (at 1.2). By contrast,
previous data collected above room temperature shows that the peak at approx.
2890 cm™! is differentially broadened in relation to the lipid Raman peak at approx.
2850 cm™! as the lipid dispersion goes through its liquid crystalline phase transition

TABLE 1

Izgsollznse AND I, 450/1:930 VALUES FOR LIPID-PROTEIN SYSTEMS UNDER VARIOUS
CONDITIONS

Lipid solut' a

’2890“2850 ’2!50:’12930

Dipalmitoyl phosphatidylcholine

-H, 1.2 2.2

-0.1 mM sytochrome ¢ (pH 7.0) 1.2 22

-0.1 mM c.rtochrome ¢ (pH 7.8) 1.0 L5

-0.15 mM cytochrome ¢ oxidase 1.0 1.3
Dimyristoyl phosphatidyicholine

-H,O i.2

-0.1 mM cytochrome ¢ (pH 6.8) at 24 °C 1.0

<0.1 mM cytochrom:: ¢ (pH 7.4) at 5 °C 1.3

-0.15 mM cytochrome ¢ oxidase at 24 °C
-0.15 mM cytochrome « oxidase at 5 °C
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{15]. The lipid ratio I 9q/Z2850 is therefore used as a measure of the fluidity of the
lipid hydrocarbon chains. Larsson and Rand [16] have studied the effect of environ-
ment of the lipid Raman peaks in the 2900 cm™! region and their results indicate that
I, gs0/I2630 Tatio decreases as the polarity of the hydrocarbon chain environment in-
Creases.

The lipids dimyristoyl and dipalmitoyl phosphatidylcholine were studied and
found at room temperature to have I,g50/I28s50 of 1.2 while having an I, asoll2930 Of
1.8 and 2.2 respectively (see Table I).

Lipid-cytochrome c interaction

In a slightly basic unbuffered solution of cytochrome ¢ (pH 7.8) it was found
that the I35 90/7285s0 3nd T2850/129 30 ratios of both dimyristoyl and dipalmitoyl phos-
phatidylcholine effecied as shown in Fig. 2. At pH 7.0, however, the 2900 cm ™t
region of dipalmitoyl phosphatidylcholine is not affected, whereas the corresponding
region of dimyristoyl phosphatidylcholine is perturbed by cytochrome c. In addition,
as shown in Fig. 3 and Table 1, as the temperature of th: dimyristoyl phosphatidyl-
choline-cytochrome ¢ dispersions is lowered to 5 °C, the I2890/I28s0 Tatio returns to
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Fig. 2. Raman spectra in the . :gion around 2900 cm~* of dipalmitoy! phesphatidyicholine (DPL)-
cytochrome ¢ (pH 7.8) dispersion and dipalmitoy! phosphatidylchioline-H,C dispersion
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Fig. 3. Raman spectra in the region around 2900 ¢cm™! of dimyristoyl phosphatidylcholine (DML)-
cytochrome ¢ dispersions at different temperatures.

the value of a normal dimyristoyl phosphatidyicholine-H,O system at room tempera-
ture indicating that cytochrome ¢ lowers and’/or broadens the lipid liquid crystalline
transition temperature as has been observed by Papahad;opoulos, et al. [17] uvsing
differential scanning calorimetry. The lowering of the temperaiure, however, has no
effect on the lipid J,450/1253¢ ratio which is consistently .ower than tha! of dimyri-
stoyl phosphatidylcholine-H,O solution at room temperature. This resul*, according
to the emperical evidence presented by Larsson and Rand [16] indicates chat 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.iteraction with cyto-
chrome ¢ [7] leads 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 ¢ oxidase interaction

Cytochrome c¢ oxidase, as shown in Fig. 4 and Table I, affects both the dipal-
mitoyl and dimyristoyl phosphatidylcholine Raman spectrum in the region around
2900 cm™!. In particular, the J;590/7235 0 lipid fluidity ratio is lowered in both cases,
indicating that the lipid hydrocarbor chains have become more fluid. The change in
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Fig. 4. Raman spectrum of the effect of ¢ytochrome ¢ oxidase in dimyristoyl phosphatidylcholine
(DML) and dipalmitoyl phosphatidylcholine (DPL) dispersions in the region around 2900 cm™*.

2860

itpid hydrocarbon fluidity with the addition of cytochrome ¢ oxidase is more dramatic
for dimyristoyl phosphatidylcholine in which case I,g90/f285¢ = 1.0. This ratio does
not change when a dimyristoyl phosphatidylcholine-cytochrome ¢ oxidase dispersion
is lowered in temperature from rooimn temperature to 5 °C which indicates that the
equilibrium state for the lipid-cytochrome ¢ oxidase mixture is more fluid than the
equilibrium state for the dimyristoyl phosphatidylcholine-H,O dispersion. The ther-
mal instability of cytochrome ¢ oxidase prevents the direct observation of the lipid
T,,. However, the observation of no change of £3590/2550 ratio value from room
temperature to 5 °C for the dimyristoyl phosphatidylcholine-cytochrome ¢ 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 AH,, of lipid dispersions and not T,. In addition, the
I;890/12850 lipid intensity ratio is lowered when cytochrome c oxidase is added to
dimyristoyl and dipalmitoyl phosphatidyicholine dispersions and remains so in the
temperature range 5-24 °C.

Lipid-plasma protein interaction

The effects of fibrinogen and albumin on the dimyristoyi and diplamitoyl
phosphatidylcholine Raman spectrum at room temperature has been previously re-
ported [1]. We have recently extended these studies to find the effect of temperature
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on the plasma protein-dimyristoyl phosphatidylcholine interaction. As the ternpera-
ture of the dimyristoyl phosphatidylcholine-plasma protein dispersions is lowered to
5 °C, the dimyristoyl phosphatidylcholine spectrum in the region around 290C cm ™!
returns to that of the dimyristoyl phosphatidylcholine-H,O dispersions at room tem-
perature for both fibrinogen and albumin.

CONCLUSIONS

It was shown that the intrinsic protein cytochrome ¢ oxidase, the extrisisic
protein cytochrome ¢ and the plasma proteins fibrinogen and albumin produce 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 interac-
tion of these three types of proteins can thus be used to define the interactions of pro-
teins of unknown type on the Raman spectra of lipids. In particuiar, it was shown that
intrinsic transmembrane protsin cytochrome ¢ oxidase causes the lipid J,590/12a50
Raman intensity ratio to decrcase. This ratio remains constant bzlow the lipid liquid
crystalline transition, in agreement with differeniial scanning calorimeter studies [17].
The extrinsic membrane protein cytochrome ¢, which speads the lipid layer, was found
to decrease the ratio Z,540//54030 both above and below the liquid crystal transition
temperature. In addition, the J,55,//;5<, intensity ratio was temperature dependent
in the presence of cytochrome c. The presence of the two plasma proteins (another
type of extrinsic protein), fibrinogen and albumin, causes thz lipid Raman peak in-
tensity ratios I,g90/12850 and I 450/15030 to decrease at room temperature. At 5 °C
both of these ratios have returned to the values for a standard dimyristoyl phospha-
tidylcholine-water dispersicn. It is therefore inferred that, under our coaditions, the
proteins fibrinogen and albumin have very little, if any, effect on the dimyristoyl phos-
phatidylcholine bilayer at low temperatures; whereas cytochrome ¢ at low temperatures

retains some influence on the environment of the hydrocarbon chains but not on their
conformation.
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