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Report:

In the present study, time-resolved small-anglea)Xscattering (TRSAXS) experiments were carriedtout
evaluate the effect of membrane fusion promotinghaos on the fluid lamellar to inverse bicontinuausic
phase I(,-to-Q,) transition of monoolein, which serves as a wsthblished model system for studying the
final steps of the fusion process of bilayer membésa Recently, we succeeded already in studyingtte-

Qi transition of monoacylglycerides in the absenctisibn promoting domains, which revealed the exisé

of a stalk intermediate. Here, the influence ofas< | viral fusion peptide (influenza virus haegiagnin A,
HA2) and a class Il fusion peptide (tick-borne gatditis virus, TBEV) on the thermotropic and baogic
ordered phases of monoolein was studied exempfariynembrane fusion promoting domains of different
virus classes @ = 4 to 70 °C and in a pressure range from ambiesgspire up to 4.0 kbar. As a reverence, a
non-fusogenic, artificial control peptide (L16 H/83s been studied as well.

A common method of measuring the intrinsic monalayevature in lipid systems is the determinatién o
the repeat distances, i.e. lattice spacings, oihtle¥se cubic phase assemblies by small-angley)saattering.
For the present experiments, the diffraction pattdrad been taken with very short exposure time0(b
ms), which is only possible at synchrotron sources Wit flux (in this case the ID02 beamline wifh- 1G°
photons §). The experiments were performed by using a houile-thermostated high pressure-jump
equipment which has been successfully used betrstidies of membrane phase transitions. The X-ray
sample cell with flat diamond windows of 1 mm theks, which is specified for pressures up to 4 kar
temperatures up to 70 °C, has a sample volume at2®ressure-jumps could be achieved in ~5 ms using
pneumatic high-pressure valves. The beamline shuitgers the electronics controlling the valvedlisat the
pressure-jump and data acquisition occur simultasigp thus facilitating time-resolved series of SBX
diffraction patterns with high time resolution. Thse of the high pressure cell with strongly absgrb
diamond windows required a high X-ray intensityl@keV which could only be obtained at the synatuot
source. The samples were placed in the cell witbrtd PTFE) rings and mylar foils to separate thengle
from the pressurizing medium (water).

A sample with monoolein (MO) at a hydration levél ¥y wt.% including the fusion peptide TBEV
revealed a completely different temperature depangdease behavior than all other peptides investijao
far. All previously analyzed systems showed tenfpeeaand pressure dependent phase transitions dretwe
lamellar and cubic phases. For the sample contpiiBEV, two coexisting hexagonal phases could be
detected at low temperature which were dominant tve whole temperature range covered{8 °C) at
ambient pressure (Fig. 1). Additionally, a lameltdrase with low intensity could be observed thaixsis
with the hexagonal phases at temperatures abov€.180 ensure that the observed effect is indeed a



characteristic property of the viral fusion peptitiee influence of a non-fusogenic control pepfides H/G)

on the phase behavior of MO was studied. A samjile MO at the same hydration level (17 wt.%) indahgd
the control peptide L16 was investigated in theperature range between 6 and 68 °C at ambientyseess
The corresponding scattering patterns are shoviaigimre 2. A distinct transition from a lamellar gkato a
cubic (la3d) phase can be found from 25 to 35 A€luding a two-phase coexisting region in the respe
temperature range. Additionally, pressure depentheaisurements between ambient pressure and 4 kbar w
conducted at various temperatures. Accordingly,d#iea of the control peptide L16 H/G were founcb&o
nearly identical to the data of the pure lipid sEmp

Finally, numerous pressure jumps were conducteasadhe lamellar to non-lamellar phase boundarg on
sample consisiting of MO at a hydration level of W% and the fusion peptide HA2. Figure 3 showes th
scattering patterns at 58.2 °C of a jump from d@ccpbase at 0.7 kbar into a lamellar phase redidn7akbar.
On the right-hand side, the time dependent peaksities of the Bragg reflections of all involveldbpges are
shown. The blue line indicates the moment of thesgurre jump at= 0 s. Shortly after the jump, a decrease
of the intenisty of the cubic phase can be obser@&uultaneousely, the intensity of the new emergin
lamellar phase increases significantly within tmstf5 s after the jump. Afterwards, both phasesxish for
approximately 3 s and finally the cubic phase Vasscompletely ~20 s after the pressure jump.

Taken together, the static and kinetic measurempet®rmed so far will allow us to evaluate the
correlation between the distinct structural projpsrand thus different target membrane interactafnhe
fusion peptides from different viral fusion protailasses and their ability to modulate membraneature.
From the experimental resul{gT-phase diagrams are established and the kineticenanhanism of the phase
transitions are revealed. The data will help usgeess the effects of different membrane fusiomgting
domains, i.e., viral fusion peptides, on the cum@tproperties of the membrane by determining hoege
domains influence the,-to-Q, transition of monoolein and will thus provide newights into the transient
structural, energetic as well as kinetic propemieghe membrane fusion events.

1 0F T T T Trrrrrr v

= |amellar
= cubic (Ia3d)

.
n
0.25 . " q
n
=
u

"amg
0.00 1 1 il PP I 1 -
0 5 10 15 20 25 30

t[s]
Fig. 3: Time-evolution of the SAXS patterns for a presgurep from 0.7 kbar to 1.7 kbar of the system MO-ZH#eft) and the
corresponding time-dependency of the Bragg peansity of the different phases (right).




