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SI 1: Preparation of various concentrations of NPs

Ipomoea aquatica (commonly named as water spinach) was bought from Palashi market in
Dhaka, Bangladesh, which is available in the country. A typical Ipomoea aquatica leaf is
shown in Fig. SI 1(a). The magnetite NPs were prepared using the green synthesis
technique,’? which is described in section 2.2 of the main text. The leaf extracts (Fig. SI 1(b))
acted as both stabilizers and reducing agents. At the final stage of the synthesis, the NPs were
precipitated at the bottom of glass beaker (Fig. SI 1(c)), which then accumulated using a
magnetic bar. The solution in the beaker on the upper side was removed. The synthesized
NPs were placed in aluminum foil and drier for 48-72 hours at 60 °C (dried NPs are shown in
the inset of Fig. SI 1(c)). The dried NPs were then converted to powder form using a hand
mortar. At first, a relatively higher NPs concentration of 0.20 mg/mL was prepared in buffer
for charged vesicles and in MilliQ for neutral vesicles, which was then diluted to several
concentrations such as 0.006, 0.01, and 0.013 mg/mL. To interact the NPs with lipid vesicles,
100 uL NPs were mixed with 200 pL purified suspension of GUVs in a microchamber.
Hence, the total volume of NPs and vesicles suspension was 300 uL. In that case, the
corresponding effective concentrations of NPs in the observation microchamber were 2.00,
3.33, and 4.67 pg/mL.

Fig. SI 1. Preparation of magnetite NPs using leaf extracts. (a) Ipomoea aquatica leaf. (b) Leaf

extracts. (c) NPs in colloidal solution (dried NPs are shown in the inset).

Sl 2: Deformation and compactness of DOPG/DOPC/chol-GUVs in the presence of 3.33
pg/mL NPs

In section 3.1 of the main text, it was presented the deformation and the corresponding degree
of deformation for a ‘single DOPG/DOPC/chol (46/39/15)-GUV’ in the presence of 3.33



ug/mL NPs (Fig. 1). Here, we present the deformation of 2" and 3@ GUVs under the same
conditions. In Fig. SI 2a(i, ii), in the absence of NPs, the DOPG/DOPC/chol (46/39/15)-
GUVs show a spherical structure at 0 min. A small deformation is visible after 10 min, and a
large deformation is visible after 25 to 60 minutes. A similar deformation is seen in the other
GUVs. The time course of compactness (Com) of the corresponding GUV as shown in Fig. SI
2(a) is presented in Fig. SI 2(b). At 0 min, Com is 1.0. The values of Com for GUV (i) are
obtained 1.000, 1.002, 1.021, 1.041, 1.135, 1.237, 1.300 and 1.334 at 5, 10, 15, 25, 35, 45, 55
and 60 min, respectively, while the values of Com are obtained 1.000, 1.003, 1.010, 1.013,
1.051, 1.117,1.177 and 1.231 at 5, 15, 20, 25, 35, 45, 55 and 60 min, respectively, in case of
GUV (ii).
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Fig. SI 2. The deformation and compactness (Com) of charged DOPG/DOPC/chol-GUVs induced by
NPs of 3.33 ug/mL. (a) Phase contrast images show the deformation of two different
DOPG/DOPC/chol (46/39/15)-GUVs. The number on each image indicates the time (minute) after
interacting of NPs. The scale bar is 15 um. (b) The time-dependent Com change of the corresponding
GUVs as presented in (a). (¢) The average compactness of GUVs at 40 and 50 minutes as a function
of cholesterol. The data obtained from several independent experiments shows the average value with

standard deviation.



The cholesterol dependent average compactness (C.') of DOPG/DOPC/chol-GUVs in the

presence of 3.33 ug/mL NPs at 40 and 55 minutes is presented in Fig. SI 2(c). These
investigations clearly indicate that addition of cholesterol in the membranes of vesicles inhibits
the NPs-induced deformation of GUVs.

SI 3: Fraction of deformation of DOPG/DOPC/chol (46/39/15)-GUVs in the presence of
3.33 pg/mL NPs

The deformed GUVs are the GUVs that have deformed after the addition of NPs in the
suspension of vesicles. After the interaction of NPs with GUV suspension, both the deformed
GUVs and intact ones were observed. In an independent experiment, if 50 GUVs were
deformed out of 100 GUVs at 20 min after the addition of NPs, the value of Frq = 0.20 at that
time. We calculated the Frg for different times. The values of Frg for DOPG/DOPC/chol
(46/39/15)-GUVs at time 0, 10, 20, 30, 40, 50, and 60 min were obtained 0, 0.14, 0.21, 0.31,
0.40, 0.48, and 0.50, respectively (Fig. SI 3(a)). The same procedure has been done for 3
independent experiments. The time dependent average Frq at each defined time is shown in
Fig. SI 3(b), which increases with time. The average values of Frq at 0, 10, 20, 30, 40, 50 and
60 min are obtained 0, 0.15 + 0.02, 0.22 + 0.03, 0.29 + 0.04, 0.40 + 0.01, 0.48 + 0.02 and

0.50 + 0.04, respectively. This data confirmed that Frqincreased with time.
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Fig. SI 3. The time course of the fraction of deformed (Frq) DOPG/DOPC/chol (46/39/15)-GUVs in
the presence of 3.33 pug/mL NPs for (a) one independent experiment and (b) three independent

experiments. The data obtained from several independent experiments shows the average value with
standard deviation.



S| 4: Leakage of encapsulating calcein of neutral DOPC/chol-GUVs induced by 3.33
pug/mL NPs

In section 3.4 of the main text, we described the leakage of calcein from cholesterol
containing charged GUVs. We also investigated, the leakage of calcein from inside of
DOPC/chol-GUVs (i.e., neutral GUVs) for checking whether the leakage shows a similar
trend like charged vesicles. Fig. SI 4 shows a typical experimental result of the interaction of
3.33 pg/mL NPs with a DOPC/chol (85/15)-GUV. Without the addition of NPs to the vesicle
suspension, a spherical shaped GUV is observed in a phase contrast image at 0 s (Fig. SI
4a(i)). In Fig. SI 4a(ii), the same GUV is shown in a fluorescence microscopic image with a
high contrast of calcein (white color) in the inside of the GUV. After adding NPs solution to
the suspension of GUVs, the fluorescence intensity inside the GUV remained almost
unchanged for the first 57 s, while a rapid decrease in intensity occurred at 58 s. The GUV
with an undetectable break is shown in the phase contrast image of Fig. SI 4a(iii).

@) |a) (ii) (iii)

(b) (© (d)
2 i 212 i °] 2 ) ) i T 7T - T T T T T
g 1.0 & & 1.0 T _‘ 2160 -
208 L 808t s | *
S 50.4 S B=]
0 06 £ 0.0 " 8 06} g 120 -
=t = > Time =} o | E
204 S04} &S
7] 7] =] 80| i 1
£02 S02f 2
Zo 1 P
E 00t . h . . E 0.0t s L L L 1 . 40 1 1 1 1
0 30 60 90 120 150 0 30 60 90 120 150 0 10 20 30 40
Time (s) Time (s) Chol (%)

Fig. SI 4. The leakage of calcein from the inside of DOPC/chol-GUVs induced by 3.33 pug/mL NPs.
() The fluorescence images (ii) show the change of calcein from the inside of DOPC/chol (85/15)-
GUV. The number on each image shows the time in seconds after the NPs were added to the
suspension of GUVs. The scale bar is 15 um. (b) The time course of the change in normalized
fluorescence intensity of GUV as presented in (a). The rapid change of fluorescence intensity with
time is shown in the inset. (¢) Under the same condition as (b), the change of normalized
fluorescence intensity with time for 6 different DOPC/chol (85/15)-GUV. (d) The average time of
poration in neutral GUVs as a function of cholesterol. The data obtained from several independent

experiments shows the average value with standard deviation.



Figure Sl 4(b) depicts the time course of the change in normalized intensity of the GUV. The
fluorescence intensity became zero within 1 s (inset of Fig. Sl 4(b)). Figure Sl 4(c) depicts
the stochastic pore formation of six different DOPC/chol (85/15)-GUVs. A similar type of
stochastic pore formation was also observed for other cholesterol containing neutral GUVs.
The average time of pore formation for different cholesterol containing membranes is shown
in Fig. SI 4(d). The average time increased with cholesterol, which shows a similar trend as
observed for charged GUVs (Fig. 4 of the main text). These investigations suggested that
cholesterol hindered the NPs-induced pore formation in lipid vesicles.
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