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will point towards the air; as already mentioned in the case of lung surfactant
phospholipids.

A surfactaut can exhibit different two-dimensional phases upon undergoing
different amounts of compression, similar to how thiree-dimensional substanees
cxhibit the phases of gas, liquid, and solid. The two-dimensional phases for
a surfactant are gas, expanded (or liguid-ezpanded), and condensed. There
are also phases at points « conipression between these previously mentioned
phases which coexist be  een gas and expanded or expanded and condensed
respectively.

A two-dimensional consists of molecules whichi are too ftar apart to
exhh it any significant in wtion, mch like a three-dimensional gas. In this

case the surface pr sure of the film obeys an ideal gas type of w [18]

1A= NKT (1.4)

where 7 is the film su e pressure, A is the surface area, NV is the munber
of surfactant molecules, k is Boltzmann’s constant, and 7' is the temperature.
The relations! » between  face pressure and area is referred to as the surface
pressure versus area tsoti  m of the film. For the two-dimensional gas it would
be a straight line increasih  as the surface area became smaller.

When the film is compressed enough, the molecules are brought close

enough together for a ¢ icant interaction to occur. However, the state





















Table 1.2: Amino acid sequence of Mini-B
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Color coding scheme for atomic structure (A):
yellow = hydrophobic, t 1e = positively charge
green = po - (neutral), tan = C ycine(other).
This color coding sche 1e is used in all remaining
atomic representations of M ni-B.

(A)

VN

Figure 1.4: Graphics of Mini-B in SDS. (A) Side view atomic structure, (B)

Top view backbone ribbon structure.
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rithm:

Al

B+ A = () 1 <1+ - >At (2.1)
' At Fi(l

ot + 2») =0t — —) + vz(z)A (2.2)

where 7(t) and (t) represent the coordinates and velocities of the "
atomr, ¢ is the thme at a particular step in the trajectory, and At is the time
interval between steps in the trajectory.

Often it is desired that the system is kept at a fixed temperature (and
sometimes also fixed pressure) if this matches well with empirical conditions.
However, a direct integration of Newton's equations of motion thirough the
leap-frog alg: thm could ad to large changes in total kinetic cnergy, and
consequently lead to a  astic change in the temperaturc. Thercfore addi-
tional constraints on the equation of motion are required if the system is to
be kept at a fixed temperature. One method, referred to as Berendsen tem-
perature coupling, causes deviations from a fixed temperature value to decay

exponentially according to a decay time constant 7 [38],

dr T.-T

at

(2.3)

where Ty is the desi fixed temp re, and 7' is the actual temperature






















































and conjugate gradients algorithms in this manner was prepared by Jennifer
Rendell.

VMD graphics of the tial setup involving a DPPC:POPG monolayer with
solvent and sodium ions are provided b w in Fig. 3.1, though the sodium
tons are not made visible. A color-coding scheme. which is in addition to the
color-coding scheme provided in Fig. 1.4 for the peptide Mini-B, is givei at the
top of the graphic. Although the L. OPG molecules are colored green here
and the D-POPG molec s are colored red, both chiralities will be given the

sane color red in subsequent graphics since the effects of chirality are ignored.

DPPC = cyan, -POPG = green, D-POPG = red,
solvent = grey. In  bseque  graphics both D-POPG and
L-POI  molecules are colore red.

(A) (B)

Figure 3.1: DPPC:POPG monolayer for (A) side view with solvent and (B)

top view with solvent removed.
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Figure 3.2: Mini is placed in hole in center of monolayer.

initial depth in this case was measured by determining the difference in vertical
height of the top-mmost atom of the  molayer and the bottonr-most aton of
the peptide. An alternati measure for the initial depth is used in Scction
4.1, but it will still be usefi to refer to the initial depths according to this
first measure.

An additional parameter  at was varied in these simulations was the tilt
angle of the helical segments of Mini-B relative to the interface. This is typ-

ically measured with respect to the n nal to the surface of the monolayer.
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and is a parameter that is frequently studied with respect to other fragments
of ¢ -B [53, 54f. In these simulations starting tilt angles of 90° and 15° with
respect to the normal were used, as illustrated in Fig. 3.3. Thlese values for
the initial tilt angles are approxinate, and a more rigorous measure o the
tilt angle will be provided in Section 4.3. However, it still useful to refer to
the initial tilt angles as being either 90° and 45°. and so these will be referred

to as the “nominal™ initial tilt angles.

(A) (B)

Figure 3.3: Illustration of starting ti angles of (A) 90° and (B) 45°.

Once the systems were set up with M i-B at different depths and tilt an-
gles, energy minimization was performed. Roughly 5000-6000 water molecules
were added to the systents,  owed by another energy minimization. Sc wmn
ions were then added to ba  ce the charge of the POPG headgroups, followed

by a third energy minimiz:  on. Position restrained MD runs, with position
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Figure 4.1: Example gr. s illustrating hole closing around peptide for (A)
start of simulation and end of siny  tion.
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Figure 4.13:  ustration of tilt angle for a helix. This could correspond either
to a C-terminal helix or an N-terminal helix.

depth case. These initial tilt angles were also found to be similar for systems
that started at 60A” per lipid with . ni-B initially at 12 A depth. The initial
tilt angles for the D51-45 system was 50.5° for the N-TERM helix and 50.9°
for the C-TERM helix. The initial tilt angles for the 151-90 system was 94.4°
for the N-TERM helix a  96.5° for 2 C-TERM helix. These values are
similar to the nominal iv tilt angles of 45° and 90° discussed in chapter
3, which had previously een guessed mainly from visual inspection. It will
be convenient to contin  referring to the initial tilt angles by their nominal
values. In other words, > initial tilt angle of the helices will continue to he
referred to as either 45°  90° as appropriate, consistent with the labelling
in the notation. Note that in the case of the systems for which the initial

tilt angles had been found to be close to 90°, the initial orientation of the
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helix because the peptide is rotated as a whole about the axis passing hetween
the helices by a small a  unt. Nonetheless, each helix is still c¢lose to 90° with

respect. to the positive z-axis.

N-TERM

C- A

Figure 4.16: System D53-90 with N-TERM aud ¢ ERM helices at roughly
90° to the normal to the  rface. Blue arrow gives the direction of the positive
Z-axis.
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Figure 4.18: Radial dist Hution function of cationic residues with respect
to POPG pho horus atoms for system with 50% sodium ion coucentration
(averaged over st 10 ns).
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Figure 4.21: Graphics for  stem with 63% sodium ion concentration for (A)
side-view and ) top-vie
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Figure 4.22: Graphics for system with 137% sodium ion concentration for (A)
side-view and (B) top-view.
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has on the phases of the  >nolayer.

A further stt - of t  effects of sodiuni ions might involve initially placing
the peptide :  a lower di h in comparison to the DG61-45 case. One feature
of ¢ DG61-45 case is that part of the peptide protuded above the top of the
monolayer. [t is of interest to determine whether similar effects of screening

can be observed when the peptide is entirely below the top of the monolayer.
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