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Abstract 1 Introduction

Plasmonics based sensing using the surface plasmon r8¥3ding of molecules to cellular or biomimetic mem-
nance of metal nanoparticles has been effectively dem8F2Nes is an important process in functioning and sig-
strated in various applications. Extending this method®2/ing aspect of such membranes.Usually such binding
ogy to cell and artificial lipid bilayer membranes woul§/€Nts would trigger changes both on and within the
be extremely beneficial in enhancing the sensitivity of tfaémPrane. Enhanced detection sensitivity to such bind-
detection of binding and cellular transport of moleculd@d could help correlate, better, the binding events to
across such membranes. Here we demonstrate the g}g_subsequent_ structural, physical or chemical /biologi-
ation of a artificial plasmonic biomembrane template afi@' process Wh'Fh occur-as a consequence. One of the
use it to demonstrate the enhanced detection sensitiitgth0ds by which such sensitivity could be enhanced
of certain widely used biomarker molecules. The eff PY Using metal nanoparticles(NP), especially gold(Au)
cacy of these templates are explained in terms of the afifid SilVer(Ag), which by virtue of their ability to gen-
ity of the hydrophobic polymer grafted gold nanopartﬁrate large local nanoscale electric field due to their sur-
cles, used, to organize, penetrate and fluidize the méﬁ'ﬁ,e plasmon resonance(SPEl)[];lll;l2|:|3:|4, 5] . However,
branes. The enhancement of photoluminescence of Ypile the use of such NP or thelr'ollgomers or arrays
dye molecules used occurs over a reasonably large spi/e been shown to be effective in enhanced sensitiv-

tral range as compared to the plasmon resonance of gt molecules for instane, through surface enhanced
nanoparticles. The results could, possibly, be extended¥aman scattering(SERS)[E,[7,8[9] 10] or photolumines-

cellular membrane with relevant modifications, as well §€nce (PL) enhancement [11] 1213, 14], their use in bio-

to detection of any other biological molecules, appropﬂpSpired mem.branes have not bgen very fruitful. .
ately labeled with fluorescent dye molecules and demonHydrophobicity of molecules is one of the crucial pa-

strates the versatility of these plasmonic bio-inspired-pl Fameters which controls the extent of their membrane pen-
forms as potential bio-chemical sensors. etration. The interaction of various types of hydrophobic

molecules and model lipid membrane have been studied
extensively using both computer simulations[15, (1€, 17,
*rupak@physics.ucsd.edu, basu@physics.iisc.ernet.in [18] and experiments[19, 20,121,]122]. A wide variety of
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Figure 1 Bulk PL measurements of Atto488 dye in Figure 2 Confocal fluorescence images of Rh at
presence of PGNP incubated SUVs(a) and only PGNP&oncentration 870nM on (a) bare DMPC SLBs, (b)
without vesicles(b). Similar measurements for PST3K PGNP incubated DMPC SUVs, (¢) PST53K

rhodamine dye in presence of PGNPs with (c) and PGNP incubated DMPC SLBs. Comparison of PL

without SUVs(d). PL measurements for CY5 dye in  emission spectra for (d) Rh and (e) CY5 at same dye

presence of PGNPs with (e) and in without SUVs(f). concentration (as in (a)-(c)) on DMPC SLBs with and
without the presence of PST3K and PST53K PGNPs.

hydrophobic molecules including proteins, flexible poly-
mers, branched dendrimers as well as hydrophobic sgificant enhancement of detection sensitivity of binding of
nanoparticles or star polymers interact with model metgrototypical molecules, Atto 488 and Rhodamine to such
branes and penetrate it either by changing their conformigembranes. The modification of photoluminescence(PL)
tional change or disrupting the local morphology of thef these dye molecules have been demonstrated for
Underlying membrane [Lg 23 24 25 18] In addition ‘]ﬁ)th vesicles as well as Supported ||p|d b”ayer mem-
hydrophobicity, the size of the nanoparticle also mattasganes(SLB). Detailed atomic force microscopy(AFM) as
for membrane absorption[21,116.126] 271 17,128, 29], egell as grazing incidence X-ray scattering (GIXS) mea-
pecially with respect to the hydrophobic mis-match. Deurements on supported lipid bilayer(SLB) membranes
pending on their size, nanoparticles can deform and thaj§cidate the mechanism underlying the observed PL
trigger a different morphological as well as mechanicgitensity variation of these dye molecules in terms of
transition[27 .28, 30] in model membranes. self assembled pattern formation, penetration and mem-
Here, we use hydrophobic, polymer grafted AuNRsane reorganization by the PGNPs.The results could be
(PGNP) of suitable sizes, embedded in lipid bilayer meraxtended to cellular membrane with appropriate mod-
branes, to create plasmonic bio compatible membraniésation as well as to detection of any other biologi-
Using these plasmonic membranes we demonstrate sig-molecules, appropriately labeled with fluorescent dye



© - @ some experiments[87, 19,143,144 45] that hydrophobic

o y nanoparticles of appropriate size could be localized withi
il ol the hydrophobic core of the lipid membrane. However,
o g |E to our knowledge, there are no studies which indicate
at [ St that plasmonic resonances of lipid membrane-embedded

|ty | e hydrophobic nanoparticles can be utilized to obtain en-

N S SN hanced detection sensitivity of molecules especiallyehos
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Hihn D) that are biologically relevant. It may be noted here that
B it U there has been some effort, recently, in using large metal
® 4 nanoparticles encapsulated by lipid bilayer can act as ef-
o F llltn o ficient surface enhanced Raman scattering(SERS) agents
S cout il | for detection of molecules[45, 47,148).

i In Fig.1(a)-(f) we show PL spectra of At, Rh
Zl L, and CY5 in the presence of small unilamellar
,”‘m},;j—l‘ i mn;ws:mn;n' W vesicles(SUVs) of 1,2-dimyristoyl-sn-glycero-3-
o ' phosphocholine(DMPC)[Avanti Polar Lipids], with
and without the PGNPs. Incubation of these SUV’s
Figure 3 (a) AFM topography of PST3K PGNP with the PGNPs of two different molecular weights (3K
incubated SLBs. (b) 3D representation of a typical & 53K) and subsequent incubation of the combined
barrel-like structure corresponding to the white box in PGNP-SUV system in At & Rh solutions of appropriate
panel (a). (c) Height and (d) diameter distribution of theconcentrations shows a clear enhancement of the PL
self assembled barrel-like structures in (b). () AFM  emission intensity for identical dye concentration and
Topography of PST53K PGNP incubated SLBs. (f) 3D incident radiation power. It seems that for similar con-
representation of a typical pore like structure centration of Au in PGNPs the enhancement is larger for
corresponding to the white box in panel (e).(g) Height the 53K grafted PGNP compared to the 3K particles. For
(h), depth and (i) diameter distribution of pore like CY5, on the other hand, presence of the PGNPS on SUVs
features shown in (f). seems to quench the PL. The observed difference in PL
intensity could be related to the resonance energy transfer
process between the particles and the dye molecules and
molecules and demonstrates the versatility of these plagnce is related to the extent of their spectral overlap
monic bio-inspired membranes as potential bio-chemiqap, [3,[50, 51 52, 53, 54] (S| Fig 1). In fact the extent
sensors. of PL enhancement seems to increase with increase in
spectral overlap (Sl Fig. 1) from CY5 to At. At this stage
. ) we ask the question, whether the presence of vesicles
2 Reaults& discussions is required for the observed PL intensity variation. For
this purpose, we have measured the bulk PL of At, Rh
We first discuss the results of photoluminescence (Pand CY5 molecules in presence of PGNPs but without
measurements of three typical dye molecules widedlypy SUVs. In these experiments we have incubated
used as bio-chemical markers[3L,] 32,1 33. 34] 3he PGNPs and the dye at the same concentration for
[36]- Atto488(At)[Invitrogen LT], rhodamine(Rh)[sigma30 minutes. Except for the presence of vesicles, other
Aldrich] and Cyanine-5(CY5)[GE Healthcare LS]. Thexperimental conditions were maintained to be similar to
goal is to understand if the detection sensitivity of thedleat described earlier, in terms of excitation power, PGNP
molecules can be altered through surface plasmon basedcentration etc. Surprisingly, here we observed an
interaction of hydrophobic PGNPs embedded in suitaldpposite behavior in terms of quenching of fluorescence
phospholipid bilayer membranes. It has been suggesésdission intensity in presence of PGNPs for At & Rh
through molecular simulations[37,138.89] 40, 41, 42] anchile for CY5 the behavior essentially remains the




same as in the presence of SUVs. These experiments
suggests the critical role of PGNP binding to the lipid
membranes of the SUVs in determining the interaction
and PL from the dye molecules. It is well known that the
resonance energy transfer between metal nanoparticles
0 and the emitters is dependent on their relative separation

@ [ 08 || - penK st © and PL from emitters is known to be quenched at very
q

short distances near a metal surface. The difference in
PL intensity with and without SUVs is suggestive of an
increase in the separation between the gold core of the
PGNPs and dye (At & Rh) molecules when the PGNPs
are embedded in the lipid membrane of SUV’s. It also
suggests the possibilities the Rh (and At) is located closer
L] ST I to the lipid head group while CY5 might be placed within

00 5 (A)wo 150 200 the membrane core.
z . . . . ..
. To quantify exactly how the bio-mimetic lipid mem-
ol 1 © . 0 J e i () branes help the PGNPs to modify the dye molecule emis-
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= PSTEIK incubated biayer

/sﬂf sion enhancement, and especially to obtain a microscopic
/ picture of the PGNP configuration on the lipid bilay-
ers, we, further, decided to use DMPC SLBs as a bio-
membrane platform to repeat some of the experiments
performed with DMPC SUVs. The DMPC SLBs were
prepared using the well established![55,56, 57]Langmuir-
. A WE Ty Blodgett (LB) technique and transferred on glass slides
LU o ® w S0 50 100 50 20 (Hecht-Assistent, Germany), as described in methods and
K 2 elsewhere[[58], at surface pressure of 33-35 mN/m. Fig-

Figure 4 (a) Schematic showing the geometry of GIXS ure. 2(a)-(c) shows the confocal images(Leica SP5 Con-
experiments. (b) Fresnel normalized XR data for SLBsfocal Microscopy, Germany) of such SLBs incubated
before and after incubation with PST3K PGNP and  first with PGNPs at appropriate concentrations and sub-
PST53K PGNP. Bare SLE), SLB incubated with sequently with Rh and CY5 dye molecules. For com-
PST3K PGNPSD), bare SLB 1), SLB incubated with parison, images were also collected from pristine SLBs

PST53K PGNPsI{ ). Solid line represents the without being exposed to the PGNPs but incubated just
corresponding best fit with the proposed model. (c)-(d)i" Rh and CYS.  The images were collected at lowest
corresponding variation in electron densip) s a laser power(1.5 mW) to minimize photo-toxicity of the

function of distance(z) (EDP) for PST3K PGNPs and dye molecules. A clear enhancement in brightness of the
PST53K PGNPs incubated SLB respectively. The the objects (collection of dye molecules) in the respective

profiles in solid lines in panels (c)-(d) indicate the images in presence of PGNPs with respect to the pristine
corresponding box model representatiopafs a SLBs shows the effect of fluorescence enhancement while
function of distance. The respective curves have been €xciting with the same power of Ar 488 laser line. Images
shifted down by (0.6) for clarity. with CY5 were difficult to image under similar conditions

and to visualize the CY5 molecules on PGNP laden SLBs
one had to increase the laser intensity considerably, indi-
cating possible quenching of the dye fluorescence in the
presence of PGNPs. To quantify the observed PL intensity
variation of these dyes, we have in addition performed PL
measurements with WiTec alpha SNOM confocal mode



using the green line (514 nm) of an Ar ion laser and Réal the in-situ XR[62] 68| 64, 6%, 66] and G[DJ6[7,168,
line (633 nm) of a He-Ne laser using methodology d&2,(63,69/ 70] measurements performed on the DMPC
scribed earlief.[59, 60, 61]. To quantify average PL eBLB transferred afl=40mN/m after they were incubated
hancement/quenching, we have taken PL spectra franth Au-PST3K & Au-PST53K hydrophobic PGNPs (see
several places of the respective dye incubated PGN#ethods)[[711]. Figure 4(b) shows XR (Fresnel normal-
DMPC SLBs. We observed a large enhancement in iled) data as a function of out of plane wave vector
emission, when excited with Ar 514 nm laser, in preqz(:;‘—‘:sim), collected on these SLBs before and after
ence of PST53K PGNPs compared to the pristine SLBey were incubated with nanopatrticles. Haris the an-
whereas enhancement is limited for PST3K nanopartigke of incidence andy (~ 0.49) is the wave length of the
incubated bilayer as shown in Fig. 2(d). On the other haimtident X-ray. The XR data for PST53K PGNP shows a
for CY5 dye we the PL was quenched, when excited witthear drastic reduction in the total film thickness. On the
633 nm He-Ne laser, in presence of PGNPs[Fig. 2(egther hand, the extent of changes in XR data for PST3K
This observation also supports the qualitative trends ddSNP incubated SLB is lesser. To extract more quan-
served for the dye molecules with SUVs. titative information we have modeled the XR data using
To obtain a microscopic picture of the configuratiothe model shown in Sl fig. 5 to obtain the corresponding
of the PGNPs on the DMPC SLBs we have performetlectron density profiles (EDP) for the respective data as
detailed atomic force microscopy(AFM), X-ray reflectivshown in fig. 4(c)&(d). Clearly, there seems to be consid-
ity (XR)and grazing incidence diffraction (GID) measuresrably more disruption in both the top and bottom leaflet
ments on these samples. Figure 3 shows AFM imagesbthe SLB by PST53K than by Au-PST3K PGNPs. In-
DMPC SLBs transferred at surface presstre33mN/m terestingly we observed an increment in head group elec-
and incubated with PGNPs for a fixed concentratidron density of the top leaflet for PST53K PGNPs incu-
(3.3uM) and time(30 minutes). We observed a clear dibated SLB. whereas there is a reduction in electron den-
ference in the membrane mediated self assembled stusity for the whole tail part and the head group of the bot-
tures. The PGNPs capped with PST 3K forms regular btwm leaflet. Similarly for PST3K PGNPs incubated SLBs,
rel like structures of height 5-6 nm above the bilayer sure observed reduction of electron density in the top leaflet
face with a diameter80 nm (much bigger than the sizeonly. The extracted parameters are summarized in greater
of a single PGNP), but there is no evidence of membradetails in SI Table 1 . The electron density values for
penetration, whereas, for PGNPs capped with PST 5BKth the system indicates that there is a partial penetra-
we observe clear evidence of pore-like structure formigen of PST53K PGNPs in the hydrophilic head region of
tion. Moreover, these structures also seem to penetridite top leaflet whereas the hydrophobic chain extends up
(by ~ 2.0 nm below the SLB surface) the membrane ute the head group of the bottom leaflet and therefore re-
like those formed by the 3K grafted PGNPs. Moreoveatuces the lipid compactness and hence the electron den-
concentration dependent studies[SI Fig.2] on PST53kKy. On the other hand the PST3K PGNPs perturbs the
PGNPs identifies the approximate range3.3uM) where top leaflet(quantified by the reduction in the electron den-
it forms such kind of pore like structures, although weity in the top leaflet only) but there is no significant pen-
have not observed any such features below or above #tisation or pore formation in the DMPC SLB. From Sl
concentration as shown in Sl Fig.2(a)-(c). Thus the caable 1 it is clear that the PST3K PGNPs affects only the
ping molecule plays a vital role in self assembled strump leaflet of the membrane and the chains partially en-
ture formation. Therefore AFM images seems to suggésts in to it causing a decrease in electron density from
that the self assembled configuration of PST53K PGNRs normal value. The reduction of thickness of the top
on the lipid membranes as well as their partial penetilaaflet~ 2.5 represents the local perturbation and increas-
tion could be responsible for observed PL enhancemarg chain tilting due to nanoparticle binding on the bilayer
in both bulk and surface PL measurements. surface. The scenario is different for PST53K PGNPs as
To obtain further insight into these aspects of PGNR-alters the thickness and electron density profile for the
SLB interactions, especially the extent of penetration tfp leaflet head part as well as the full hydrophobic tail
the PGNPs within the SLBs, let us turn our attentioregion. It causes a total reduction ©f1.25 in the top



leaflet followed by a enhancement of the electron density

in both the head and tail part of the top leaflet, suggest A * 134,041

ing the partial insertion of Au core in DMPC bilayer. The .| o 1s06 A 145,019
particle layer in the model represents an effective com: - i

posite layer of PGNPs. For PST3K PGNPs we have ob ‘= / 7\
served a layer of larger electron density thickness com * /  _ v = =
pared to PST53K PGNPs. This observed reduction o “ - — >
electron density satisfy the fact that in PST53K amount TS

of grafted polymer is more than that of PST3K PGNPs.
Thus, XR measurements proves our hypothesis that thel
is a membrane penetration by PGNPs and it is more fo
PST53K compared to PST3K capped particles due to i =
large hydrophobic polymeric shell. Moreover, this also i
indicates that dye molecule-Au NP core separationcanb
effectively enhanced with the PGNP PST53K nanoparti-
cles for dye molecules (At and Rh) which do not seem
to be favorable for penetrating into the SLB hydrophobic
core and hence are more likely to be able to enhance the..
PL. This can help explain the observed higher detection

sensitivity and PL enhancement for At and Rh in PreBigure 5 Reciprocal space mapping of (a) bare SLB (b)

ence of, especially, PSTS3K PGNP. It might be noted thgter incubation with PST3K PGNPs. (c) bare SLB (d)
PGNP PST3K also penetrates partially and the hydropheer incubation with PSTS3K PGNPs. The numbers

bic grafted layer also adds to the separation between dygyyn in each panel identifies the exact peak position in
and Au NP core leading some PL enhancement. In Soldrms of Qy Q).

tion, the grafted chains stretch out and are extended longer
and make it possible for the dye molecule to penetrate the

grafted layer (note that dye molecule sizes are considgimeters of the rectangular lattice system tabulated in Sl

ably smaller compared to the grafted PST chains in soffgble 2 using the general relations connecting interplanar
tions)and reach closer to the Au core leading to quenchiggacing with Miller indices using the relation.
of their PL.

1.26, 0.43

1.36,0.21

1

To elaborate the effect of PGNP-SLB interaction, es- €2~
pecially the role of this interaction, on SLB integrity and
ordering as well possible alterations in their phase behavWhereh andk are the defined Miller index of a partic-
ior and mechanical properties, we have performed GHar plane,a” andb® defines the unit cell dimension in
measurements on these systems under identical cof@giProcal space and is defined in terms of real space lat-
tions along with the XR measurements. In Fig. 5 we shdige (for a rectangular lattice system) vector by
the 3D reciprocal space maps of the diffracted intensities 1 1
from the lipid lattice structure. The respective reciptoca a? = 5 b*2 = ot 2
lattice vectors have been defined a@@‘gsin(z—ze) and a b

= %[Sin(d) +sin(B)] wherea, B and B is indicated  andy* represents the angle for the reciprocal lattice.
in Fig. 4(a). In our measurements we have found twoFrom SI Table 2, it is clear that the lattice expands,
distinct peaks (representative of non-degenerate [1d] amthout change in symmetry, when the SLBs are incu-
degenerate peaks[0,2]) typical for the molecules arrandemted with PGNPs. The extent of this expansion is larger
in a rectangular lattice symmetry ]69,168]. From the ifer SLBs incubated with PST53K PGNPs, compared to
dividual peak positions we have extracted the lattice pRST3K nanoparticles under identical conditions. Apart

h2a*® + k2b** + 2hka'b*cogy"), 1)



from the unit cell dimensions various other parametedPST3K PGNPs. This suggests the possibility that me-
can be extracted by careful analysis of the GID rodshanical properties of the lipid bilayer membranes could
For example the in-plane lateral coherence lengifl{Sl also get affected by the PGNP insertion which could also
Eqn 1), signifying the extent of in-plane ordering of lipighlay a crucial role in the enhancement efficiency of Rh
molecule can be extracted. Similarly, the out of plane cas discussed earlier. To measures the effect of fluidity
herence length, Sl Egn 2), represents the extent of cccaused by PGNPs, we have performed diffusing wave
herence in vertical ordering can also be estimated frapectroscopy(DWS) [Rheolab II, LS Instruments] based
the data. Sl Table 2 indicates the values fgy &nd L, micro-rheology (MR) measurements on DMPC SUVs
[58])indicating a clear reduction in both the parametesémilar to the ones used for the bulk PL measurements
for PST3K & PST53K PGNPs incubated SLBs as condiscussed earlier. [72]. DWS based MR measurements
pared to the bare SLB values. PST53K PGNPs resut@ve been extensively used for various soft matter sys-
in a 46 % decrease ing. when compared with the baretems earlier [[73[ 74, 75, 76.177] and provides length
SLB. In contrast only a 16 % decrease is observed for theale dependent rheological information over a wider fre-
PST3K PGNPs-SLB system. The corresponding changggncy range as compared to conventional rheology. Both
in vertical ordering, as estimated from reduction i5) Lthe vesicles and PGNPs were dissolved in a solvent wa-
are smaller at 14.1% and 11.7% change for PST53K aed/tetrahydrofuran (THF)=1:1. Experiments were carried
Au-PST3K PGNPs when compared with the bare SLBm these samples by using 5 mm thick glass cubette and
respectively. These changes clearly indicate the stron§87 nm incident laser line for scattering. In these mea-
interaction with SLBs and their re-organizations causedrements we have varied temperature frofnCl 45C
by the PST53K PGNPs and correlates well, especially tinesteps of 2 to study the effect of PGNP binding on
change in L, with the observations of reduced SLB thickthe dynamics and phase behavior of the SUVs. At each
ness as extracted from EDP. temperature, data was collected after thermally stabdizi
Besides, we have also estimated the valuesypfAd the system. Using intensity auto correlation functien g
area/chain (&)(SI Eqn. 3) perpendicular to the chainwe have estimated mean squared displacement(MSD) and
as the packing in head and tail part of lipid molecule igscoelastic modulus(G’ & G") for a particular time range
different due to different degree of tilting(SI Eqn. 4)using generalized Stokes-Einstein relation. Figure 6(b)
For a rectangular unit cell of dimensioasandb, these shows a comparison in terms of viscoelastic modulus as a
parameters can be defined as using the the relafion[6@hction of temperature at a fixed frequensit00 rad/s)
S| Table 2 indicates thatifincreases as a result of PGNBf DMPC vesicles in presence of PST3K and PST53K
interaction with SLBs. While it increases by 16.69%9°GNPs. In order to check if the presence of THF causes
after PST3K PGNP incubation the increase is almost bgy disruption to the SUVs we have performed DWS
28.2% after PST53K PGNP incubation, again, indicatimgeasurements on them without any added PGNPs. We
a significantly stronger interaction of the latter with thkave not found any qualitative difference in dynamical be-
DMPC SLBs. havior of the vesicles when they were in DI water and in
presence of water / THF mixed solvent. For DMPC SUVs
Further, we have also estimated the nearest neighbontiét observe clear evidence of a phase transition of the lipid
angle Pnn)[69] using the values of non-degenerate amthains at~ 300K as expected for this system with a non-
degenerate peak of GID data(SI Eqn.5). Interestingly weonotonic variation of the modulus across this temper-
can also observe significantly larger increase injhend ature. Interestingly, we observed a clear and significant
Onn after PST53K incubation as compared to Au-PST3thange in mechanical properties of vesicles incubated
PGNP incubated SLBs. Finally the order parametgy, Svith PST53K grafted PGNPs compared to the PST3K
which signifies the extent of lipid ordering can also beapped particles. The PST53K PGNPs distorted the to-
calculated from the tilt angle informatidn[58]. tal mechanical property represented by its lower viscous
GID measurements seems to suggest that the PGNR&lulus which varies monotonically across the melting
fluidize the SLBs through increase in Aand the ex- temperature(295-325K), whereas in presence of PST3K
tent of fluidization is more for PST53K compared t®GNP, the modulus shows variation similar to the pris-



tine SUVs. Therefore the PST3K PGNPs, even if it binadsents. AFM images on SLB based measurements shows
on the SUVs, are unable to alter the mechanical propectgar difference between the self assembled structures
of the underlying lipid bilayer, whereas PST53K PGNHsrmed by PST3K and PST53K PGNPs. It reveals that
clearly seems to fluidize the DMPC SUVs. These methe PST53K PGNPS penetrates inside the top leaflet
surements, provides further evidence that PST53K PGNPthe bilayer and forms pore-like structure whereas
has more affinity towards DMPC lipid membranes arfdlST3K PGNPs create surface aggregation without any
penetrates deeper into the membrane to alter the meclsagrature of membrane permeation. X-ray reflectivity
ical property, to a significantly larger extent, as comparedta analysis shows that the PST53K PGNP penetrates
to PST3K PGNP. These results complement and corrabere into the SLBs compared to PST3K PGNPs. From
orate the GID and XR measurements nicely and provie®P of the respective PGNP incubated SLBs it appears
a microscopic understanding not only of the PGNP ithat in presence of PST3K grafted nanoparticle, the
teraction with the lipid bilayers but also of the observetiembrane perturbs locally and thus theof head and
variation of PL intensity of the dye molecules. tail part of the top leaflet gets affected. On the other
hand PST53K PGNP disturbs the full SLB. Interestingly
we observed an increase pfin the head group of the
] top leaflet whereas the has gone down for the tail
g and the head group of the bottom leaflet. This indicates
a clear penetration of the PST53K PGNPs into the
0 membrane and the position of hydrophilic gold core in
the hydrophilic head group increased the effectivef
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L . N L I 0 gio caysed by the nanoparticle-membrane interaction. The
' 000 2t - o0 g 0 height of the structures formed by the PST3K PGNPs
wf IU.DI .”I L T are around 5-6 nm which is close to their total diameter
W W m m % . w e m m (SI Table-3). Therefore such patterns formed by PST3K
Temperature(K) Temperature(K) PGNPs are only membrane surface bound, there is

) o ) no penetration. Conversely PST53K PGNPs, having
Figure 6 (a)Variation of Mean Square Displacement (atcomparative smaller core size(1.5 nm) but a larger

t=0.01s) with temperature for PGNP incubated DMPC ghg|| (. 5.5 nm), are able to penetrate in to the membrane
lipid vesicles. (b) Dependency of the imaginary part of anq that is clear from the depth analysis in Fig. 2(h).
Visco-Elastic modulus(ab ~100 rad/s) for DMPC The enhanced ability of the PST53K PGNPs seems to
vesicle in presence of PGNPs capped with PST3K andyyiyen py the higher hydrophobicity of these particles as
PST53K. The blue vertical line denotes the fluid-gel compared to the PST3K particles. GID measurements
transition temperature for DMPC system as reported 5, pGNP-SLB systems also indicates a distortion in
earlier. [78] the lateral ordering by both the PST3K and PST53K
PGNPs on DMPC SLB. A detailed analysis shows an
The SUV as well as SLB based PL measurememstension of the in plane lattice dimension by around
indicate that in presence of PGNPs, emission intensitydi% for PST3K PGNP-SLB system whereas itis7.5%
enhanced for At and Rh whereas it quenches for CYiér the PST53K PGNP-SLBs. We have also observed a
The enhancement decreases from At to CY5 which candpglitative trend in the out of plane molecular tilt angle
attributed to the larger spectral overlap between the SE&imation, estimating the extent of molecular distortion
of PGNPs and PL spectra of At dye, as compared to bdtbm its original orientation. To quantify further, we
Rh and CY5 (Sl Fig 1). The effect is more prominerttave calculated the order parametg)(f®r these type of
for PST53K PGNP compared to PST3K Surprisinglgystems and found the decrease in SLB is 30.69% after
we did not observe any enhancement in absence of lipi8 T3K PGNP incubation while is value is almost 33.36%
membranes in form of vesicles for bulk PL measurefter PST53K PGNP incubation.



cific drug/gene delivery.

Finally the DWS measurements shows that the PST53K
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