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Physicochemical properties of a muramyldipeptide derivative (B30-MDP) related 
to membrane formation 
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Abstract: We investigated the physicochemical properties of B30-MDP [6-0- 
(2-tetradecylhexadecanoyl)-N-acetyl-muramyl-L-alanyl-D-isoglutamine], 
a muramyldipeptide derivative having immunoadjuvant activity [1], using 
polarizing optical microscopy, differential scanning calorimetry (DSC), and 
electron spin resonance (ESR) spectroscopy. Microscopic observations showed 
that B30-MDP molecules form myelin figures in phosphate buffered saline 
(PBS). It was revealed that B30-MDP forms membranous structure because of 
an increase in the hydrophobicity. In the DSC measurements, the B30-MDP 
membrane in PBS gave no endothermic peak between 5 ~ to 50 ~ Enthalpy 
change upon the phase transition from the gel to liquid crystalline state of 
dipalmitoylphosphatidylcholine (DPPC) membrane and its phase transition 
temperature decreased by the addition of B30-MDP. ESR measurements using 
5 doxyl stearic acid showed that the fluidity of the B30-MDP membrane was 
almost comparable to that of DPPC membrane at the temperature below the 
phase transition temperature of DPPC, while it was lower than that of DPPC 
at the temperature higher than this point. The fluidity of DPPC membrane 
increased upon the addition of B30-MDP. These results indicate that B30- 
MDP forms membranous structure and that the bulky hydrophilic region of 
B30-MDP influences its membrane structures, thermal behavior, and mem- 
brane fluidity. 
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Introduction 

Muramyldipept ide (MDP)  is the smallest active 
unit of microbacteria cell wall, which has a variety 
of biological activities such as potentiation of 
ant ibody-mediated immune responses, and cell- 
mediated immune responses, induction of mono-  
cytosis, pyrogenicity, immunogenicity, and others 
[2]. 

It has thus been shown that M D P  and its 
derivatives are useful for the development of lipo- 
somal vaccines which have higher immunogeni- 
city [2]. 

New developments in the application of lipo- 
somes to vaccines have also been seen [3-5] .  
The great variability among liposomes in terms 
of structural characteristics and mode of antigen 

incorporation provides versatility in immunoad-  
juvant  action and vaccine design [4]. Almeida 
et al. [6] produced a liposomal vaccine having 
antigens on the membrane surface whose shape 
was closely similar to that of the virus itself, and 
proposed the name "virosome" for these new 
bodies. The effectiveness of liposomal vaccines 
(virosomes) incorporating M D P  derivatives has 
aroused particular interest [7]. Nerome et al. [7] 
reported a new type of liposomal influenza 
vaccine (influenza virosome) which consisted 
of hemagglutinin-neuraminidase (HANA) antigen, 
cholesterol, and an M D P  derivative [6 -0-  
(2-tetradecylhexadecanoyl)-N-acetyl-muramyl-L- 
alanyl-D-isoglutamine: B30-MDP].  B30-MDP was 
synthesized as a M D P  analog which has less toxic- 
ity and is more potent than the immunoadjuvant  
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activity of MDP [1]. While Nerome et at. (t990) 
suggested membrane formation of B30-MDP, 
physicochemical properties of B30-MDP in mem- 
brane formation have not been described. It is of 
importance for a design of liposomal vaccine to 
know basic characteristics of a lipid which has 
immunoadjuvant activity. 

Comparing to dipalmitoylphosphatidylcholine, 
in the present study we investigated the 
physicochemical properties Of B30-MDP in mem- 
brane formation, such as its self-organization 
of vesicles, thermotropic behavior, and alkyl- 
chain flexibility, by using polarizing optical 
microscopy, differential scanning calorimetry 
(DSC), and electron spin resonance (ESR) spec- 
troscopy. 

Materials and Methods 

Chemicals 

Muramyldipeptide derivative, [6-O-(2-tetra- 
decylhexadecanoyl)-N-acetyl-muramyl-L-alanyl- 
D-isoglutamine] (B30-MDP), synthesized by 
Daiichi Pharmaceutical Co., Ltd. (Tokyo, Japan), 
was used in the present study. The chemical struc- 
ture of B30-MDP is shown in Fig. 1. Dipalmitoyl- 
phosphatidylcholine (DPPC) (99%, Nichiyu 
Liposome Co., Ltd., Tokyo, Japan) was used with- 
out further purification. The spin probes 5-doxyl- 
stearic acid (5NS) and 16-doxyl-stearic acid 
(16 NS) were obtained from Aldrich Chemical Co., 
Ltd. (WI., U. S. A. ) 
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Fig. 1. Chemical structure of B30-MDP 

Differential scanning calorimetry (DSC) 

Samples for DSC measurement were prepared 
by drying of DPPC, B30-MDP, and a DPPC/  
B30-MDP mixture in chloroform under dry nitro- 
gen, then placing them under high vacuum for at 
least 8 h. The lipid-films were rehydrated with 
PBS (pH 7.4) at above 50 ~ and vortexed several 
times to produce multilamellae vesicles (MLV). 
Twenty pL of the MLV containing about 2 mg of 
lipids was transferred into an aluminum sample 
pan. After the pan was sealed, the sample was kept 
for 1 h at 50 ~ All measurements were carried 
out with a Du Pont 910 DSC at a scanning rate of 
2.0 ~ while heating the pan from 5 ~ to 50 ~ 
In this experiment, B30-MDP concentration was 
calculated from the following equation: 

B30-MDP (%) 

= (molarity of B30-MDP/(molarity of DPPC 

+ molarity of B30-MDP)) x 100 (1) 

Polarizing optical microscopic observation 

Polarizing optical microscopy of myelin figures 
of B30-MDP was performed as follows. About 
1 mg of a lump of B30-MDP was placed on a glass 
slide. About 50 #L of solvent (solvents were distil- 
led water, 0.05 M phosphate buffer (PB), pH 7.4, 
and phosphate buffered saline (PBS), pH 7.4) 
was then added to the lump from all sides. A 
cover slip was put on the lump over spacers of 
about 100 pm thickness and pressed down to pre- 
vent the lump from distorting. Drops of solvent 
were added to the lump edge, then a figure of the 
lump was photographed after storage for 24 h at 
20 ~ 

Electron spin resonance (ESR) 

Spin-labeled vesicles were prepared as follows. 
B30-MDP, DPPC, and the spin probes were dis- 
solved separately in chloroform. When these solu- 
tions were mixed in a 20-mL round bottomed 
flask, the content of spin probes was approxi- 
mately 1 tool% of total lipids, and that of B30- 
MDP ranged from 0 to 40mo1%. B30-MDP 
concentration was calculated from Eq. (1). This 
solution was rotary-evaporated to dryness under 
vacuum at room temperature. Then, PBS at 
a temperature above 50 ~ was added to the lipid 
films in a round bottomed flask and sonicated to 
disperse the vesicles with a probe-type sonicater 
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(Ohtake Works) for 3 min at 30 watts. PBS was 
then added to bring the lipid concentration to 
50 # mol/mL. 

Fifty #L of the dispersed vesicles was drawn 
into a disposable micropipette (Drummond Sci- 
entific Co.) used as a sample tube. The pipette was 
sealed at one end with a Hemat sealer, and main- 
tained in a fixed position in the ESR cavity. ESR 
spectra were recorded at X-band, 3268 G mag- 
netic field, 100 G scanning range, 100-kHz field 
modulation, 0.8-gauss modulation width and 
8 mW microwave power with a JEOL JES- 
FE2XG spectrometer equipped with a variable 
temperature control unit. The outer hyperfine 
splitting constant, Amax, was obtained from the 
separation (2Amax) between the low-field max- 
imum and the high-field minimum peaks in ex- 
periments using 5 NS as reported by McConnell 
et al. [8]. When 16 NS was used as a spin probe, 
the ratio of the low-field resonance line to that of 
the center-field l-h( + )/h(0)] was used as the ex- 
perimental semiquantative measure of hydrocar- 
bon chain flexibility [9]. 

Results and discussion 

Polarizing optical microscopic observation 

It is well known that hydrated natural phos- 
pholipids form elongated tubular structures, 
called myelin figures [10, 11]. We examined my- 
elin figures grown from B30-MDP lumps with 
several solvents using a polarizing optical micro- 
scope. 

Myelin figures of the hydrated B30-MDP 
lumps are shown in Fig. 2. B30-MDP hydrated 
with water which indicated an isotropic phase did 
not form myelin figures (Fig. 2a). Myelin figures 
could be observed in PB, but their shape was 
unstable (Fig. 2b). In contrast, myelin figures 
from B30-MDP in PBS were distinctly observed 
(Fig. 2c). 

Generally, the myelin figure is composed of 
a multilamellae of lipid bilayers concentrically 
stacked with a considerable amount of medium 
inside the tube, and is formed spontaneously at 
the gel-to-liquid crystalline phase transition tem- 
perature [10]. Myelin figure formation provides 
important evidence for the self-organizational 
ability of a membrane. Kunitake et al. [12, 13] 

Fig. 2. Polarizing optical micrographs of myelin figures of 
B30-MDP in a) water, b) PB, and c) PBS taken with cross- 
ed-Nichols. Bar = 100 #m 

have reported the formation of bilayer structures 
from many kinds of simple synthesized am- 
phipatic compounds. Accordingly, the results of 
these observations indicate that B30-MDP, like 

b 



1284 Colloid and Polymer Science, Vol. 272 �9 No. 10 (1994) 

phospholipids, is able to form membranes in PBS 
and that the phase of B30-MDP membrane at 
20 ~ was a liquid crystal. 

It is likely that the membrane-forming ability of 
B30-MDP is closely related to salt concentration 
in the solvent. The carboxylic group in the bulky 
hydrophilic region of B30-MDP (Fig. 1) disso- 
ciates to the ion form in PB (pH 7.4) or in water. 
However, it is estimated that the hydrophobicity 
of B30-MDP increases with increasing salt con- 
centrations in the buffer, the so-called salting-out 
effect. We concluded that the molecular orienta- 
tion and packing of B30-MDP are enhanced by 
the increase in hydrophobicity caused by the salt- 
ing-out, and that myelin figures of B30-MDP 
formed in PBS are particularly stable. It is con- 
sidered that B30-MDP, which has immunoadjuvant 
activity and an ability of membrane formation, is 
useful for a design of liposomal vaccine. 
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Fig. 3. Effect of B30-MDP on the get-to-liquid crystalline 
phase transition temperature of DPPC membranemeasured 
by DSC. Te.o; extrapolated onset temperature (@) and Tp; 
peak point temperature (O). Vertical bars denote S. D. for 
a series of three separate determinations 

D S C  measurements 

DSC measurements were performed to identify 
the effects of B30-MDP against the temperature 
and enthalpy in the phase transition from the gel 
to liquid crystalline state of DPPC membrane in 
PBS. 

Changes in phase transition temperature: The en- 
dothermic peak indicating gel-to-liquid crystal- 
line phase transition of DPPC membranes was 
about 42~ The phase transition peaks 
broadened with increasing B30-MDP concentra- 
tion in the membranes, rendering identification of 
the endothermic peak difficult. The effect of B30- 
MDP on the separation of the extrapolated onset 
(Te.o) and peak point (Tp) temperatures of gel- 
to-liquid crystalline phase transition of DPPC 
membrane is shown in Fig. 3. Both Te.o and Tp 
were decreased with increasing B30-MDP con- 
centrations; in particular, a pronounced decrease 
in Te.o was seen, which reflected peak broaden- 
ing. At concentrations of B30-MDP in DPPC 
membrane above 40%, no endothermic peak for 
phase transition could be identified. 

These results are similar to those obtained with 
binary membranes of DPPC with other phos- 
pholipids having a lower Tp than DPPC [-14]. 
The mixture state of binary lipid membranes, such 
as ideal mixing or phase separation, is confirmed 
by a phase diagram. The change of main 

transition peak width of DPPC/B30-MDP mem- 
brane is shown in Fig. 3. Mabrey et al. [14] 
reported the thermotropic behavior of binary 
phosphatidylcholines systems whose chain 
lengths differed by 2,4 or 6 carbons. In their stud- 
ies, two lipids which differed by two carbons 
in the lengths of their acyl chains only (dimy- 
ristoylphoshpatidylcholine(DMPC)/DPPC) ap- 
peared to form a nearly ideal mixture, which was 
confirmed by the agreement of theoretical with 
experimental phase diagrams. Deviation from 
ideality was found in a system in which the acyl 
chain lengths differed by four carbons 
(DMPC/distearoylphoshpatidylcholine (DSPC)), 
wherein significant phase separations occurred. 
When the lengths differed by six carbons 
(dilauroylphoshpatidylcholine/DSPC), the sys- 
tem was so far from ideal that monotectic behav- 
ior was observed. We concluded from these re- 
sults that the gel-to-liquid crystalline phase 
transition temperature of B30-MDP membrane 
in the present study was lower than that of 
DPPC. It was shown that the mixture state of 
B30-MDP/DPPC membrane did not form an 
ideal mixture, because the chemical structure of 
the bulky hydrophobic region of B30-MDP dif- 
fered from that of DPPC and the transition peak 
was broadened, finally disappearing with in- 
creasing B30-MDP. 
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EnthaIpy changes in phase transition: Figure 
4 shows the effect of B30-MDP on the gel-to- ,-, 
liquid crystalline phase transition of DPPC mem- - 
brane as the enthalpy changes calculated from e 
DSC curves. It was estimated that the enthalpy -- 
changes decreased linearly with increasing B30- .~ 
MDP concentration, reaching zero at about "-" 
70 mol%. An unchanged curve was obtained in z: 
the 5 ~ to 50 ~ range in DSC measurement of <1 
B30-MDP membrane (data not shown). The re- 
sults of the DSC studies and the fact that myelin 
figures of B30-MDP formed at 20 ~ in PBS sug- 
gested that the phase of B30-MDP at a temper- 
ature above 5 ~ is a liquid crystal phase. These 
results also indicated that the B30-MDP/DPPC 
membrane did not form an ideal mixture, because 
the transition enthalpy was extrapolated to zero 
at a B30-MDP membrane concentration of 
70 mol%. This implies that the gel-to-liquid cry- 
stalline phase transition peak of B30-MDP exists 
at a temperature below 5 ~ and that the gel-to- 
liquid crystalline phase enthalpy of B30-MDP in 
DPPC membrane increases with increasing B30- ax 
MDP concentration. We concluded that the inter- 
action of mutual hydrophobic regions in DPPC 
membrane was inhibited by the addition of B30- ~ 29 
MDP in liquid crystalline phase at a temperature 
above 5 ~ [15-17] .  

' ~  27  

ESR measurements 

ESR measurements were performed to deter- 
mine the fluidity of B30-MDP membrane, DPPC 
membrane, and binary B30-MDP/DPPC mem- 
brane. 

Single component membrane: The ESR spectral 
parameters of 5 NS in DPPC and B30-MDP 
membranes at various temperatures are shown in 
Fig. 5. The fluidity of DPPC and B30-MDP mem- 
branes was measured with 5 NS, in which the 
nitroxide monitoring group is positioned near the 
headgroup region of the lipid bilayer. The fluidity 
of DPPC membrane measured with 5 NS was 
markedly increased at 42 ~ that is, the change in 
Amax value indicated the gel-to-liquid crystalline 
phase transition [18-1. In contrast, the changes in 
B30-MDP membrane Area x value indicated that 
phase transition was not observed between 20 ~ to 
50~ As shown in Fig. 5, the fluidity of B30- 
MDP membrane was almost the same as that of 
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Fig. 4. Effect of B30-MDP on the gel-to-liquid crystalline 
phase transition enthalpy of DPPC membrane measured by 
DSC. Vertical bars denote S. D. for a series of three separate 
determinations 
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Fig. 5. The membrane fluidity expressed by the peak width 
(Am,x) of the ESR spectra for 5 NS at various temperatures. 
ZX, DPPC, and D, B30-MDP. Vertical bars denote S. D. for 
a series of three separate determinations 

DPPC membrane below 42 ~ and lower than 
that of DPPC membrane above 42 ~ These re- 
sults suggested that overall, the fluidity of B30- 
MDP membrane as measured with 5 NS was 
lower than that of DPPC membrane. 

ESR spectral parameters of 16 NS in DPPC and 
B30-MDP membranes at various temperatures are 
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Fig. 6. Membrane fluidity expressed by the peak height ratio 
(h( + )/h(O)) of the ESR spectra for 16 NS at various temper- 
atures. ~ ,  DPPC membrane, and [2, B30-MDP membrane. 
Vertical bars denote S. D. for a series of three separate 
determinations 

shown in Fig. 6. The fluidity of these membranes 
was measured with 16 NS, in which the nitroxide 
monitoring group is positioned deep within the 
hydrophobic region of the lipid bilayer. The fluid- 
ity of DPPC measured with 16 NS was markedly 
increased at about 42 ~ This finding accorded 
with that using 5 NS and the results of the DSC 
study. As shown in Fig. 6, the fluidity of B30- 
MDP membrane measured with 16 NS was high- 
er than that of the DPPC membrane below 42 ~ 
and lower than that of DPPC membrane above 
42~ The changes in h( + )/h(O) value in B30- 
MDP membrane indicated that phase transition 
was not observed between 20 ~ to 50~ These 
results (Figs. 5 and 6) corresponded with those of 
the DSC study, in which no transition peak of 
B30-MDP membrane could be identified. 

Although polarizing optical microscopy and 
DSC showed that the phase of B30-MDP mem- 
brane above 20 ~ was a liquid crystal phase, the 
fluidity of B30-MDP membrane at a temperature 
below 42 ~ indicated a low value closely similar 
to the gel phase of DPPC membrane, particularly 
when measured with 5 NS. These results suggest 
that a stable structure of mutual hydrophilic re- 
gions of B30-MDPs is formed. We concluded that 
the fluidity of the hydrophobic region of B30- 
M D P  is decreased by the stable structure of hy- 
drophilic region. 

Binary membrane: ESR spectral parameters of 
5 NS in DPPC membranes with B30-MDP at 
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T e m p e r a t u r e ( ~  

Fig. 7. Effect of B30-MDP on the peak width (Amax) of the 
ESR spectra for 5 NS in membranes at various temperatures. 
Various B30-MDP concentrations of 0% (�9 10% (O), 20% 
(A), 30% (Ik), and 40% ([2). Each point represents the mean 
of three experiments 

various temperatures are shown in Fig. 7. The 
fluidity of binary mixtured membranes measured 
with 5 NS below 42 ~ was clearly influenced by 
increasing B30-MDP concentration, and the on- 
set temperatures, as reflected by the starting-point 
of obvious fluidity increase, were decreased. Fur- 
ther, the fluidity difference between the gel phase 
and liquid crystalline phase became ambiguous as 
B30-MDP concentration increased. 

The ESR spectral parameters of 16NS in 
DPPC membranes with B30-MDP at various 
temperatures are shown in Fig. 8. The fluidity of 
binary membranes measured with 16 NS were 
clearly influenced by increasing B30-MDP con- 
centration. Both onset temperature and terminal 
temperature were decreased. The fluidity differ- 
ence between the gel and liquid crystalline phases 
gradually decreased as B30-MDP concentration 
increased. Fluidity changes of binary mixtured 
membranes measured with 5 NS were almost the 
same as those with 16 NS. 

To confirm the correlation between the results of 
the ESR measurement with 16 NS and those of the 
DSC study, we compared the onset temperatures 
of the DSC curves and ESR spectra [19] (Fig. 9). 
Additionally, peak point temperatures of DSC 
curves and mid-point temperatures of ESR spectra 
were also compared. Results demonstrated that the 
ESR and DSC studies were well correlated. 

By the addition of B30-MDP to DPPC mem- 
branes, transition enthalpy and temperature 
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Fig. 8. Effect of B30-MDP on the peak height ratio 
(h( + )/h(O)) of the ESR spectra for 16NS in membranes at 
various temperatures. Various B30-MDP concentrations of 
0% (O), 10% (O), 20% (•), 30% (A), and 40% (5). Each 
point represents the mean of three separate experiments 
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Fig. 9. Correlation between results of DSC and ESR meas- 
ured with 16NS. O, comparison of onset temperature O, 
comparison of peak point temperature obtained from 
DSC curves and mid-point temperature obtained from ESR 
spectra 

decreased as fluidity of the mixed membranes 
increased. Our results indicated that membranes 
consisting of both DPPC and B30-MDP become 
a less stable structure than those consisting of 
either B30-MDP or DPPC alone. 

The molecular orientation and packing of B30- 
MDP, however, were improved by the increase in 

hydrophobicity caused by salting-out; stable my- 
elin figures of B30-MDP were formed in the high 
salt concentration buffer solutions (PBS). The 
ESR study showed that the fluidity of B30-MDP 
membrane decreased because of the structural 
effect of the hydrophilic region of B30-MDP. 

We concluded that the dissociative state and 
the structural effect of the hydrophilic region of 
B30-MDP influence its membrane formation, 
thermal behavior and membrane fluidity. 

For the use of B30-MDP as a virosome, it is 
important to confirm the physicochemical stabi- 
lity of the membrane, which will be affected by the 
addition of the phospholipids and the antigens. 
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