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ABSTRACT 

The effects of phosphorylated proline on the packing and conformation of the membrane 

phospholipid have been studied. Generally it causes the polar parts of the phospholipid to 

become more mobile, the packing of the long chain of phospholipid to become more loose, 

the long chain to be in a lower trandgauche ratio, and the end of the long chain to become 

more orderly. Any change in the level of phosphorylated proline affects the fluidity of the 

membrane phospholipid. Free proline and phosphorylated proline have different effects on 

the aliphatic chains of phospholipid. 

INTRODUCTION 

The Raman active C-C and C-H stretching modes of the lipids have been used to monitor 

the trans-gauche isomerism and lateral mobility in the systems of synthetic phospholipids, as 

well as for the mixed systems. The 0-C-C-Nf stretching modes have also been used to study 

the stability of the polar part of phospholipid in the membrane. They have been used for a 

long time to characterize the phospholipid interactions with polypeptides and proteins, e.g. 

with mellitin', myelin proteolipid apoprotein* and lysozyme3. The interactions between the 
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654 LI AND ZHAO 

phospholipids and peptides or proteins are becoming clearer. It is also known that many 

kinds of phosphopeptides and phosphoproteins exist in or on the biomembrane. However, 

there have been very few investigations of the lipid distribution and membrane structure 

around the phosphopeptides or phosphoproteins. The specificity of lipid-phosphopeptide 

interactions, induced by phosphopeptides, may play an important role in cellular biology. An 

investigation of the interaction may give some clues to the specific requirement of 

phosphopeptides or phosphoproteins in or on biomembranes. Particularly, regarding some of 

the bioprocesses that are regulated by the phosphorylation and dephosphorylation of the 

membrane-associated peptides or proteins4. The goal of this work is to study the interactions 

between phosphopeptide and phospholipid. In order to simplify the research system, the 

interactions between the human erythrocytes as the membrane model and the single 

phosphoamino acids as the model for phosphopeptide were 

In this paper, the study has been focused on the effects of N-phosphoproline on 

membrane phospholipid systematically, especially the effects of N-phosphoproline’s level, etc. 

MATERIALS AND METHODS 

Synthesis of phosphoproline as per literat~re’.~ 

Preparation of hwnan eryfhrocyte membrane’ 

Fresh human blood samples collected in heparinized tubes were centrifuged 

immediately at 2000 rpm (4°C) for 5 min. and the plasma and buffy coat were removed by 

careful suction. The cells were resuspended in isotonic KzHPOdKH2P04 buffer 

(pH=7.35-7.45). After mixing well by inversion, the samples were centrifuged again at 2000 

rpm for 5 min. at 4°C. The supernatants were removed by careful suction. This washing 

procedure was repeated three times more until the supernatants were no longer red. 

The washed cells were suspended in the low osmolarity Tris buffer ’ (lOmM, 

pH=7.35-7.45, 4°C) and stirred thoroughly. The tubes were allowed to stand approximately 

15 min. prior to centrifuging at 20,000 rpm for 25 min. at 4°C. The supernatants were 

decanted carefully. An additional osmolarity Tris buffer (IOmM, pH=7.35-7.45, 4°C) was 

blown into the tube, and the suspensions were centrifuged for 25 min. at 20,000 rpm at 4°C. 

A total of three washes were necessary before the membranes were colourless. 

Preparation of samplesf or Raman measurement 

Phosphoproline solution was prepared at a concentration of l.OxlO”M. 5mL of the 

erythrocyte membrane, mentioned above, was mixed with 5 mL of phosphoproline solution 
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(l.OxlO"M) and the mixture was centrifuged at 50,000 rpm for 1 hour at 4°C. After the 

supernatant solution was decanted, the samples were then incubated at 4°C for 10 hours. 

Pure membrane in 10 mM Tris buffer (pH=7.35-7.45,4OC) was used as a control. 

Raman measurements 

Raman spectra were recorded with a computerized Spex Model 1403 double 

monochromator with a spectral resolution of 2 cm-l. Samples were excited with the 514.5 

nm line of a Spectra-Physics argon ion laser; the laser power during sampling was 600 mW. 

Spectra were recorded digitally with an integrating period of 0.5 s. Capillaries containing 

samples were placed in a thermo-electrically regulated sample holder whose temperature was 

kept at 25+0.2OC. 

Spectral data were collected at a 0.5 cm-' interval over the spectral range and stored in 

the computer. Typically, 10 repeated scans were averaged to provide high-quality composite 

spectra. The composite spectra were subjected to a 13 point smoothing routine, which does 

not skew the spectral bands. 

RESULTS AND DISCUSSION 

N-phosphoamino acids are of importance not only in many biochemical but 

also in many biological processes. For example, in our experiment it was found that fresh 

pure DIPP-Pro (N-Diisopropylphosphoryl proline) might lead to a change in the conformation 

of the phospholipid constituted in the human erythrocytes membrane (i.e., the packing of the 

phospholipid and the mobility of the chain changed). 

Effect of DIPP-Pro 

First, the effects on the polar part of the phospholipid were studied. It was fdund that 

the intensity of the peak around 770 cm-I, which is the contribution of the gauche 

conformation of 0-C-C-N+ ', increased and that of the peak around 720 cm", which is due to 

its all-trans conformation3, decreased. So the intensity ratio of 172&70 dropped from 0.61 

(pure membrane sample as reference) to 0.60 (Table I). The decrease of this ratio means that 

the lattice of the polar parts is more mobile and less ordered3. 

Second, the effects on the aliphatic chains on the nonpolar parts of the phospholipid 

were studied. In the CHz-stretching region (2800-3000 cm-I), the intensity ratio of 

y=I2890/12850 decreased and the lateral order parameter Slat dropped from 0.40 (pure membrane 

sample as reference) to 0.32 (after adding DIPP-Pro), where S1*=(y-O.I7)/1.5". y is affected 

by the packing of the chains. If the packing of the chains becomes orderly, the value of y will 
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Entity ~~~~n~~~ Y Slat 

Reference 0.61 1.30 0.40 

DIPP-Pro 0.60 1.18 0.32 
- 
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~~~~~n~~~~ I113dI1090 

1.72 1.77 

1.30 1.03 

increase”. This indicates that DIPP-Pro caused an increase in the relative ‘‘looseness’’ of the 

lateral chain order and also in the chain mobility. 

In the skeletal optical region (C-C stretching, 1050-1 150 cm-I), the intensity of the peak 

1060 cm-’ and 1130 cm-’ (assigned to all-trans chain segments) increased, while the intensity 

of the peak 1090 cm-l (assigned to the gauche configurations) decreased for the DIPP-Pro 

treated sample. Therefore, the intensity ratio of I1130/11090 decreased from 1.77 (pure 

membrane sample) to 1.03. This implies that DIPP-Pro causes a decrease in the long C-C 

chain of the phospholipid all-trans fraction (i.e. in the lower transigauche ratio”). 

Finally, the effects on the -CH3 ends of the long chain in the phospholipid were 

studied. In the CH-stretching region (2800-3000 cm-I), the peak at 2940 cm-’ was attributed 

to the C-H stretch of the -CHJ in the end of the long chain and the change of the intensity 

ratio of I29&~50 means the change of the long chain end’s mobility. In the study, it was 

found that after adding DIPP-Pro, the intensity ratio dropped from 1.72 (pure membrane 

sample) to 1.30. This means that the ends of the long chains in the phospholipid became less 

mobile and more ordered. 

In conclusion, phosphorylated proline affected the packing and conformation of the 

membrane phospholipid. Generally, it causes the polar parts of the phospholipid to become 

more mobile, the packing of the long chain of phospholipid to become more loose, the long 

chain to be in a lower transigauche ratio, and the end of the long chain to become more 

orderly. 

Effect of DIPP-Pro levels on the aliphatic chains 

In the CHz-stretching region, decrease in I289&850 peak-height intensity ratio was 

detected when DIPP-Pro levels were low (Table 11, Figure I). This result indicates that little 
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TABLE 2 

EE‘ects of DIPP-Pro Levels on the Membrane Phospholipid Fluidity 

0.7 ‘ I 
0 1.0x104 1.0x10-* 

DIPP-Pro Levels (MI 

Figure I. Effects of DIPP-Pro Levels on the 
Membrane Phospholipid Fluidity 

amounts of DIPP-Pro produces a decrease in the relative “crowding” of the packing of the 

chains. However, as the DIPP-Pro levels increased, the ratio of Izs9dIz~o increase (i.e., the 

packing of the chains became relative “crowding” comparing to the less amount of DIPP- 

Pro). 
The mobility of -CH3 ends of the long chain in the phospholipid is also affected by 

the DIPP-Pro level. From Table 2 and Figure 1, it can be seen that when the DIPP-Pro levels 

were low, the I ~ ~ & M o  ratio decreased compared to the pure membrane. When DIPP-Pro’s 

level reached 1.0~10-~ M, the I 2 ~ o / I ~ 8 ~ ~  ratio has the minimal value (0.96). But when DIPP- 
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Entity ~113o~Ilo90 

Reference 1.77 

DIPP-Pro 1.03 

Pro 1.26 
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I2~9dI1s50 I2940n2850 

1.29 1.25 

1.09 1.02 

1.09 1.04 

Pro's levels were high (e.g. 1.0x10-' M), the I29&~50 ratio increased. The change of 2940 

cm-' in intensity relative to 2850 cm-' indicated some changes in the long chain ends. 

Table 2 and Figure 1 also demonstrates the changes in the all-trans fraction of the 

chains in different DIPP-Pro levels, by comparing the intensity of the peak 1130 cm-' with 

that of the peak 1090 cm-'. The result indicates that, in general, DIPP-Pro produces the long 

chain of membrane phospholipid containing less all-trans fractions. The higher the all-trans 

fraction, the more ordered are the long chains. When all the long chains are in all-trans 

configuration, it is the most ordered configuration. But generally, there exists a certain 

amount of gauche configuration, so that the long chains of membrane phospholipid have a 

certain fluidity. 

Effects of free proline and phosphorylated proline on the aliphatic chains 

From Table 3, it can be seen that the effects of free proline and phosphorylated proline 

are almost the same on the packing of the chains and the -CH3 ends. However, DIPP-Pro has 

a greater effect on the all-trans fraction of the chains than free proline. This might be due to 

the fact that the existence of diisopropyl chains in DIPP-Pro caused the aliphatic ohains of 

phospholipid to have less trans configuration (i.e., more gauche configuration). 

CONCLUSION 

Phosphorylated proline affects the packing and conformation of the membrane 

phospholipid. Generally, it causes the polar parts of the phospholipid to become more mobile, 

the packing of the long chain of phospholipid to become more loose, the long chain to be in a 

lower trandgauche ratio, and the end of the long chain to become more orderly. 

Any change in the level of phosphorylated proline has effects on the fluidity of 

membrane phospholipid. Free proline and phosphorylated proline have different effects on 

the aliphatic chains of phospholipid. 
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