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Cross linked gold-dynamic constitutional frameworks (DCFs) are functional materials of potential relevance for biosensing applications, given their adaptivity and high responsivity against various external stimuli (such as pH, temperature) or specific interactions with biomolecules (enzymes or DNA) via internal constitutional dynamics. However, characterization and assessment of their dynamic conformational changes in response to external stimuli has never been reported. This study proves the capability of Surface Plasmon Resonance (SPR) assays to analyze the adaptive structural modulation of a functional matrix encompassing 3D gold -dynamic constitutional frameworks (Au-DCFs) when exposed to pH variations, as external stimuli. We analyze Au-DCFs formed from Au nano-particles, (AuNP) connected through constitutionally dynamic polymers, dynamers, with multiple functionalities. For increased generality of this proof-ofconcept assay, Au-DCFs, involving DCFs designed from 1,3,5-benzene-tricarbaldehyde (BTA) connecting centers and polyethylene glycol (PEG) connectors, are covalently attached to standard SPR sensing chips (Au nanolayers, carboxyl terminated or with carboxymethyl dextran, CMD toplayer) and analyzed using state-of-the art SPR instrumentation. The SPR effects of the distance 24 from the Au-DCFs matrix to the Au nanolayer of the sensing chip as well as of Au-DCFs thickness 25 were investigated. This study reveals the SPR response, augmented by the AuNP, to the confor-26 mational change, i.e. shrinkage, of the Dynamer & AuNP matrix when decreasing the pH and 27 provides an unexplored insight on the sensing applicability of SPR real-time analysis of adaptive 28 functional materials.
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Introduction

through reversible covalent bonds [START_REF] Skene | Dynamers: Polyacylhydrazone reversible covalent polymers, component exchange, and constitutional diversity[END_REF]. Several reversible covalent reactions have been 37 explored and the arrangement of dynamic networks has been diversified, providing 38 adaptive systems with higher complexity and multiple responsiveness. They can be cially pH and redox reactions, are often found in biological systems frameworks, which make the dynamic covalent materials suited to mimic bio-functional systems. They are capable to form strong and resilient hydrogels including networks of biological macromolecules which can take up large amounts of water while exhibiting ease of processing, self-healing, and antimicrobial or cell supporting features [START_REF] Roy | DYNAMERS: Dynamic polymers as self-healing materials[END_REF]- [START_REF] Zhang | Strong, self-healing gelatin hydrogels cross-linked by double dynamic covalent chemistry[END_REF]. Their application in the biosensing field is further warranted given the versatile incorporation in their constitutional framework of metallic entities. Gold nanoparticles (AuNPs) are stable and biocompatible metallic entities with unique electrical, optical and surface chemical properties [START_REF] Wuithschick | Turkevich in New Robes: Key Questions Answered for the Most Common Gold Nanoparticle Synthesis[END_REF]. Diverse types of sensors were designed using AuNPs owing the versatility specifically to their surfactant properties-including strong adsorption ability, large specific surface area and formation of surface plasmon resonance band [START_REF] Herizchi | Current methods for synthesis of gold nanoparticles[END_REF]-and were applied in bio-recognition mechanisms, catalysis and biosynthesis [START_REF] Tu | Optimization of gold-nanoparticle-based optical fibre surface plasmon resonance (SPR)-based sensors[END_REF]. Their surface functionalization shed light on a diverse collection of functional moieties that can be used for biomolecular interaction. Imine-based dynamic combinatorial chemistry was already applied on the surface of gold nanoparticles to i) develop new receptors for either the simple recognition of biomacromolecules such as DNA [START_REF] Nowak | Localized template-driven functionalization of nanoparticles by dynamic combinatorial chemistry[END_REF], or for the complex one with self-selection of nucleotides in presence of ions [START_REF] Maiti | Dynamic combinatorial chemistry on a monolayer protected gold nanoparticle[END_REF] as well as ii) to form molecular print boards suitable to modifications [START_REF] Rozkiewicz | Reversible covalent patterning of self-assembled monolayers on gold and silicon oxide surfaces[END_REF]. We previously demonstrated that imine-PEG1500 DCFs are stable in water for weeks at neutral and down to weak acidic pH>3 conditions, while being hydrolyzed in strongly acidic aqueous solution at pH=1. [START_REF] Saftics | In situ viscoelastic properties and chain conformations of heavily hydrated carboxymethyl dextran layers: a comparative study using OWLS and QCM-I chips coated with waveguide material[END_REF] 1.2. SPR in sensing, in particular for conformational changes Surface Plasmon Resonance (SPR) is a very sensitive technique for measurements of minute changes in the refractive index of the complex media near a sensing surface with plasmonic features. Careful calibrations and appropriate choice of the affinity ligands allow the detection of very low concentrations of targeted analytes as well as highly accurate determination of reaction kinetics. Some limitations of the SPR approaches reside in the intrinsic confinement of the sensitivity to depth regions of, at most, few hundreds nanometers from the sensing surface and to analytes with moderate/large molecular weight as well as in the need to immobilize the ligand, without altering its structure, onto the sensing surface. Nevertheless, SPR is a well-established sensing technique, the gold standard for biomolecular interaction analysis. In a step forward, proof of concept reports highlight potential sensitivity of SPR assays to conformational changes [START_REF] Tuoriniemi | Determination of the Distance between the Cytochrome and Dehydrogenase Domains of Immobilized Cellobiose Dehydrogenase by Using Surface Plasmon Resonance with a Center of Mass Based Model[END_REF], [START_REF] Dejeu | Negative SPR signals during low molecular weight analyte recognition[END_REF] undergone by affinity ligands decorating the sensing chips. SPR was used in the evaluation of conformational changes of sensitive layers (proteins, polymers) in response to modifications of the parameters of the surrounding media (e.g., pH, ionic strength, etc.) or for small analyte detection. Studies indicate among novel SPR-powered sensing avenues: a) the detection of low molecular analytes via refractive index changes due to analyte-ligand interaction within the sensing layer [START_REF] Dejeu | Negative SPR signals during low molecular weight analyte recognition[END_REF]- [START_REF] Gestwicki | Using receptor conformational change to detect low molecular weight analytes by surface plasmon resonance[END_REF], and b) the possibility to evaluate the presence and concentration of ions in solutions by measuring the conformational changes in a sensitive protein [START_REF] Tuoriniemi | Determination of the Distance between the Cytochrome and Dehydrogenase Domains of Immobilized Cellobiose Dehydrogenase by Using Surface Plasmon Resonance with a Center of Mass Based Model[END_REF], [START_REF] Dell'orco | Fingerprints of Calcium-Binding Protein Conformational Dynamics Monitored by Surface Plasmon Resonance[END_REF]. The influences of the physicochemical properties of the buffer media were analyzed to investigate the alterations induced by the pH of solution to the functional layers of SPR sensing chips as well as to the immobilized protein [START_REF] Paynter | Surface plasmon resonance measurement of pH-induced responses of immobilized biomolecules: Conformational change or electrostatic interaction effects?[END_REF]. Moreover, the use of gold nanoparticles in plasmonic modified probes (e.g. within the sensing protein layer [START_REF] Wang | Nanoparticle-amplified surface plasmon resonance study of protein conformational change at interface[END_REF] or in the functional polymer layer [START_REF] De Julián Fernández | Study of the gas optical sensing properties of Au-polyimide nanocomposite films prepared by ion implantation[END_REF]) was advanced in SPR assays for signal amplification supporting analyses of minute, analyte specific conformational changes of DCFs functionalised SPR chips.

Aim of the study

As SPR has not been used for assessment of conformational/morphological changes of dynamers (aside investigation of the binding affinity [START_REF] Ruff | Glycodynamers: Dynamic polymers bearing oligosaccharides residues -Generation, structure, physicochemical, component exchange, and lectin binding properties[END_REF], [START_REF] Lehn | Dynamers: From supramolecular polymers to adaptive dynamic polymers[END_REF]), we set to establish the feasibility of SPR analyses of the adaptive capability of a novel functional matrix en-compassing AuDCFs formed from dynamic constitutional frameworks, DCFs with incorporated AuNP, when exposed to a given external stimulus, like pH changes.

Justification of the selection of the model

A tri-component mixture consisting in benzene-1,3,5-tricarbaldehyde (BTA) connection centers, and poly(ethylene glycol) bis(3-aminopropyl) terminated and thiolpoly(ethylene glycol)-amine (SH-PEG-NH2) connectors was chosen as model adaptive material for the studies described here. Their self-assembly toward DCFs results in the formation of robust supramolecular motifs, which show spontaneous nucleation, interfacial control, and one-dimensional growth kinetics. These in turn lead to molecules stacking into fibers through π-π interactions and amide-amide hydrogen bonding, with these fibers forming a gelatinous network [START_REF] Howe | A family of simple benzene 1,3,5-tricarboxamide (BTA) aromatic carboxylic acid hydrogels[END_REF]. In parallel, PEGylated DCFs are characterized by higher flexibility -as related to PEG backbone-and multivalent protonbonding -via amide/amino functionalized entities-features that were found favorable for high enzyme (e.g., carbonic anhydrase) binding in solution [START_REF] Zhang | Dynameric host frameworks for the activation of lipase through H-bond and interfacial encapsulation[END_REF] and even showed enzyme activation effect towards carbonic anhydrase in solution.

In the current work, we combine imine based dynamic constitutional frameworks and gold nanoparticles to design and synthesize double cross-linked Au-DCFs with multiple integrated functions. The combination of gold nanoparticles, used as additional connecting centers, with dynamic DCFs, deployed as crosslinking components, offer the possibility to construct new nanoplatforms for the investigation of optical/electric properties under adaptive biomimetic conditions in response to specific environment.

Accordingly, AuDCFs are proposed to be deposited on standard SPR chips via covalent immobilization. As test platforms, enabling assessment of the analytic effect of the location of the AuDCF versus the Au nanolayer of the SPR sensor, we envisage two types of sensing chips (Biacore C1 and Biacore CM5 -https://www.cytivalifesciences.com) featuring surface linkers with different degrees of flexibility and volume versus surface binding. The DCFs conformational changes are analytically augmented when embedding gold nanoparticles, which may play a double role: as sites for anchoring and labels for signal amplification.

Both experimental and theoretical analyses (consistent with the propagation of the evanescent field and SPR chips structure), complemented by Atomic Force Microscopy assays, were deployed to quantitatively assess and validate the adaptive response of the DCF to pH induced swelling or shrinkage upon increasing or decreasing the pH, respectively.

The originality of this work is based on reversible crosslinking points involved in previously unreported gold-DCFs structures and, moreover, on the very interesting chemical properties of the resulting materials used in pH sensing. This study provides also a completely unexplored insight on the sensing applicability of SPR real-time analysis of adaptive functional materials.

Materials and Methods

Materials

Common chemicals (NaCl, NaOH, Tween 20, ethylenediaminetetraacetic acid (EDTA), N-2-hydroxy-ethylpiperazine-N-2-ethane sulfonic acid (HEPES), 1-ethyl-3-(-3dimethylaminopropyl) carbodiimide hydrochloride (EDC), N-hydroxysuccinimide (NHS), ethanolamine), HAuCl4.3H2O, sodium citrate, poly(ethylene glycol) bis(3aminopropyl) terminated (PEG; 0.15 mmol, Mn ~1500) and thiol-poly(ethylene glycol)amine (SH-PEG-NH2; 0.05mmol, Mn~2000) were purchased from Merck/Sigma-Aldrich.

Benzene-1,3,5-tricarbaldehyde (BTA; 0.1 mmol) monomer was obtained from Manchester Organics (UK).

All aqueous solutions were prepared with ultrapure milliQ-water (Millipore). HBS-EP (pH 7.4, 150 mM NaCl) was used as running buffer in all SPR experiments and was prepared according to the Biacore 3000 instrument manual (Life Sciences Solutions USA). Variable pH solutions (5 -6.5) were prepared by adjusting the HBS-EP's pH with aqueous NaOH (1M). The pH of each solution was verified using an Inolab pH 720 (WTW Germany) pH meter.

Gold NPs

Gold nanoparticles were prepared by the well-known Turkevich method [START_REF] Turkevich | A study of the nucleation and growth processes in the synthesis of colloidal gold[END_REF]. Briefly, 62 mg of HAuCl4.3H2O was dissolved in 50 mL of milliQ-water with stirring at 60 ℃, under reflux. Then, the reducing agent sodium citrate tribasic was injected. The mixture was incubated for 3 hours under vigorous stirring at 85℃. The solution turned red indicating the formation of citrate-stabilized gold nanoparticles. The size of obtained particles was characterized by Dynamic Light Scattering (DLS) using a Malvern Zetasizer Nano-S ZEN1600 (Malvern Instruments, UK) with a 173° backscatter measurement angle and a quartz cuvette with a square aperture. The morphology was observed by Transmission electron microscopy (TEM) (TEM-1400+) using a carbon 400 mesh copper grid on which 10µL of each sample were added and dried for 10 mins. 

DCFs synthesis

Sensor chip functionalization

Biacore sensor chips with carboxyl terminated surfaces (C1 -planar carboxylated surface and CM5 -carboxymethylated dextran surface, Life Sciences Solutions USA) were used for covalent immobilization of Au-DCFs. The immobilization was performed in the Biacore 3000 external Surface Prep Unit and the protocol consisted in: injection of EDC/NHS activation solution (200mM EDC and 50 mM NHS in water) for 7 minutes, injection of Au-DCF (various gold to DCF molar ratio -experiment dependent) for 30 min at a flow rate of 2 μL•min -1 and injection of ethanolamine 7 min for deactivation of unreacted carboxylic groups.

Surface Plasmon Resonance Measurements

All SPR measurements were performed at 25 °C in a four flow-cell Biacore 3000 instrument (Life Sciences Solutions USA) with HBS-EP, pH 7.4, 150 mM NaCl as running buffer (RB). Automatic, sequential injections were applied on different channels indi-vidually, to limit sample dispersion effects (dilution of sample in RB at the beginning and end of the injection) and to avoid carry over between flow cells if Au-DCF dissociation occurs in response to pH changes. The duration of injection was set typically to 5 minutes to assess the short-term dynamic changes within the matrix and minimize occurrence of irreversible changes.

Briefly, after a 5 minutes baseline recording, HBS-EP solutions of different pHs are injected into the respective channels, at a flow rate of 10 μL•min -1 for 5 minutes followed by a HBS-EP wash-out step. The flow rate was optimized to avoid mass transport phenomena as well as to minimize flow induced changes of the dynamer matrix.

For baseline referencing we marked a reference point 5 seconds prior to each injection. This value was subtracted from the signal values. Also, the signal recorded on the reference channel (not immobilized with Au-DCFs) was subtracted from the signal of the sample channels thus applying a double-referencing procedure: correction of the device drift and of the refractive index difference between the running buffer and the injected solutions.

Complementary characterization (AFM)

The AFM scan images were obtained in intermittent contact mode and in air using a Nanowizard II instrument from JPK Instruments A.G. (Berlin, Germany) on SPR chips (removed from their casing). The AFM images were obtained using line rates of 0.3 Hz and ARROW-NC AFM probes (from Nano World A.G. Neuchâtel, Switzerland), with cantilevers characterized by a resonance frequency around 160 kHz and a force constant of 7.2 N m -1 ). The ratio between the set-point amplitude and the free amplitude of the AFM cantilever was set to 0.5-0.6. Two separate images were made for each SPR channel.

Theoretical framework

Theoretical simulations were based on the transfer matrix method, proven effective to reveal the effects of multilayer stacks analyzed by SPR [START_REF] Olaru | Assessment of the multiphase interaction Between a membrane disrupting peptide and a lipid membrane[END_REF]. SPR chips (presenting 2D surface and 3D functional matrices and Au-DCFs) were simulated by considering a thin film of gold (50 nm thickness) deposited on glass (BK7) with an intermediate adhesion layer of titanium (2nm). The model encompasses additional layers on top of the Au film for the functional matrix (in case of the CM5 chip) and the Au-DCFs on both type of chips (C1 and CM5). Refractive indexes values corresponding a wavelength of 760nm (Biacore 3000 light source) for known materials (BK7 glass, Ti, Au) were obtained from refractiveindex.info online database. The 3D functional matrix and Au-DCFs were added, taking in account their refractive indexes [START_REF] Saftics | In situ viscoelastic properties and chain conformations of heavily hydrated carboxymethyl dextran layers: a comparative study using OWLS and QCM-I chips coated with waveguide material[END_REF] and the Au/DCF volumetric ratio (derived from TEM and AFM measurements).

Results and Discussions

Characterization of AuDCF

The size of gold nanoparticles and Au-DCFs was determined by DLS. Gold nanoparticles of 19.5±0.2 nm diameter, formed well-dispersed assemblies in the presence of DCFs in water (PDI<0.5) with the size significantly increasing, the higher the Au / DCF ratios (see Figure 1a). The size of the assembly was related to the amount of dynamer added in a way that it reached a high value of 415 nm at 1/5 gold to dynamer molar ratio. Then it decreased to lower values (200-150 nm) proportionally to the amount of dynamer. These conjugates were also characterized for the morphology by TEM. DLS assay reveals citrate-stabilized gold nanoparticles at 0.105 mM as individual 19 nm spherical particles, slightly aggregating and homogeneously distributed in solution. In comparison, TEM data show slightly smaller particles, around 14 nm. In the presence of dynamer at 2.1 mM concentration, the mixture Au-DCFs forms highly aggregated clusters with DCFs networks connecting the particles. Due to dynamic restructuring, the morphology of the aggregates could vary in time, therefore larger aggregates could also be envisioned for all Au / DCF ratios.

Citrate stabilized AuNp exhibit a surface plasmon resonance (SPR) at 520 nm; characteristic peak of Au(0) NPs [START_REF] Daniel | Gold Nanoparticles: Assembly, Supramolecular Chemistry, Quantum-Size-Related Properties, and Applications toward Biology, Catalysis, and Nanotechnology[END_REF]. The SPR peak was similar, before and after addition of DCF, in shape and width. The SPR peak of AU-DCF at 1/5 molar ratio was slightly broaden and with lower intensity compared to other ratios. The absorbance of Au-DCF, 1/8 to 1/20 Au to DCF molar ratios, was slightly decreased coupled to small redshifts after DCF addition. These observations proved that gold-thiol interactions were significantly enough to stabilize Au-DCFs network and maintain optical properties of Au. DCF controlled the well-dispersion of Au-Nps at ratios above 1/5-the latest ratio induced aggregation. 

SPR measurement of Au-DCF

Au-DCFs' successful attachment, as a distinct matrix layer, on both types of investigated SPR chips was demonstrated by the increase of the SPR baseline values recorded prior and after immobilization: ~16000 ΔRU for CM5 and ~15400 ΔRU for C1 (RU -Biacore 3000 relative units 1 RU corresponding to 10 -6 refractive index units and to an estimated 1 fgmm -2 of protein). We also recorded snapshots of whole SPR curves (not just the position of the minimum) for the two surfaces prior and after dynamer immobilization (Figure 2a). The attachment of the DCF matrix was reflected in widened SPR dips shifted towards higher values. 

Conformational changes of the Au-DCFs due to pH changes revealed by SPR measurements

The stability of the DCFs to neutral and acidic pH was previously investigated. It was observed that the dynamers are stable at neutral and slightly acidic pHs >3 (and remain unchanged for up to 7 days) and are strongly hydrolyzed and become unstable in highly acidic medium (pH 1) [START_REF] Yu | Biobased pH-responsive and self-healing hydrogels prepared from O-carboxymethyl chitosan and a 3dimensional dynamer as cartilage engineering scaffold[END_REF]. Also, previous baseline signal studies showed that exposure of bare carboxymethyl-dextran (CMD) coated substrates, like on the Biacore CM5 chips, to solutions of varying pH affects the baseline as indicator of a structural change of the CMD. CMD surfaces are mostly affected by pHs below 1 and above 11 [START_REF] Paynter | Surface plasmon resonance measurement of pH-induced responses of immobilized biomolecules: Conformational change or electrostatic interaction effects?[END_REF]. Having in mind the above observations we choose for our investigation pHs in the range 5.5 -7.4 that do not induce the degradation of the dynamer and potentially does not affect the chip surface.

As previously investigated [START_REF] Wang | Nanoparticle-amplified surface plasmon resonance study of protein conformational change at interface[END_REF], linear biomacromolecules show conformational changes with subsequent swelling/shrinkage by undergoing intramolecular (e.g. electrostatic) interactions in response to pH changes of the surrounding media.

Theoretical simulations, based on the transfer matrix method, showed a variation of the SPR dip position in respect with the type of the chip (2D planar surface and 3D matrix) and thickness modification of an added layer. The Au-DCF layer was simulated containing AuNP of 20 nm and distance between adjacent AuNPs of 100 nm (values provided by DLS, and AFM measurements). The refractive index of the AuNP and DCF mixture forming the AuDCF was calculated using the Arago-Biot relation [START_REF] Sharma | Density and comparative refractive index study on mixing properties of binary liquid mixtures of eucalyptol with hydrocarbons at 303.15, 308.15 and 313.15K[END_REF].

Simulations performed on a DCFs with and without AuNP reveal a greater effect of matrix conformational changes when AuNP are present. Furthermore, the simulations reveal the expected differences in the SPR response to the binding of the same polymeric matrix, encompassing AuNP (with height beyond the penetration depth of the evanescent field) when the matrix is bound almost directly on the Au interface of the SPR sensors versus the case when binding occurs on top of a dextran layer of ~150nm. As shown in Figure 3a, the same polymeric matrix provides a significantly larger SPR response 
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  Scheme 1. Synthesis route for Au-DCFs. Au-DCFs synthesis: 750 µL of 0.21 mM freshly prepared citrate-stabilized gold nanoparticles was mixed with BTA/PEG/SH-PEG-NH2 (1:1.5:0.5 molar ratio) DCF in an aqueous solution at different gold to DCF molar ratios 1/8, 1/10, 1/15. The mixture was stirred (200rpm) overnight at room temperature. The obtained Au-DCF network was characterized by DLS, TEM. The surface plasmon resonance band (SPR), before and after addition DCF, was monitored by UV-Visible spectroscopy.

Figure 1 .

 1 Figure 1. a) Z-average diameter; b) UV-Visible spectra of gold nanoparticles and Au-DCF network determined by DLS (n=3) and UV spectroscopy. TEM images of c) citrate-stabilized gold nanoparticles at 0.105 mM and d) of Au-DCF conjugates at 1/20 Au / DCF molar ratio.

Figure 2 .

 2 Figure 2. (a) SPR curves recorded on C1 and CM5 chips showing successful attachment of Au-DCFs; (b) SPR curves recorded on C1 for Au-DCFs with different gold to dynamer ratios -Inset AFM scans on each surface revealing Au-DCF aggregates on the corresponding surfaces. Two gold to DCF ratios were investigated by immobilization of the Au-DCFs (1:10 and 1:15) on different flow cells on the same chip. Higher dynamer amounts, with correspondingly larger clumps were not used to avoid clogging of the flow channels of the instrument in case of detachment from the SPR surface. The influence of the ratio (shown in Figure 2b) is related to the absolute dynamer thickness evident as ~2600 RU±150 increase in the baseline value for the thin layer (1:15 red curve shifted from the bare C1) and ~15400 RU±300 for the thick layer (1:10 black circles) versus the same bare C1 reference. Similar values are obtained for CM5 sensors (data not shown). Additional AFM images (Figure 2b inset) confirm the SPR data. AFM scans reveal a surface that is densely populated by particles in the case of Au-DCF with 1:10 ratio, fewer particles in the case of the 1:15 ratio and no particles in the reference channel. The large formations observed in the reference channel are due to reminiscences of buffer crystals inherent in flow measurements.

(Figure 3 .

 3 Figure 3. (a) Theoretical SPR curves on planar gold surface (dark red) and CMD-coated gold surface (dark blue); the addition of Au-DCF shifts the SPR curve minimum to higher angles: coated planar gold surface (continuous red line), coated CMD (continuous blue line); dotted and dashed lines show the effect of the ±10% variation of the thickness of dynamer; (b) Theoretical SPR curves on planar gold surface (dark red) covered with a layer of 100 nm Au-DCF (purple) and 500 nm Au-DCF (red). The effect of 10% contraction of the Au-DCF is shown in dotted lines. The SPR signal reflects dynamic changes within the Au-DCF matrix covalently bound to a plasmonic chip upon step changes of 2 units pH (from 7.4 to 5.5) highlighting the analytical potential of the Au-DCF matrix. The SPR signals (referenced only for the baseline drift -i.e. signal vs. a baseline reference point) reveal changes of the Au-DCF conformation in comparison with the reference channel. These are visible as a signal increase (refractive index increment) that exceeds the effect of changing refractive index of the buffer. As shown in Figure 4 the simulations are consistent with experimental data as the normalized difference between theoretical SPR curves of the same layer with different thicknesses is similar with the one obtained by calculating the difference between SPR curves measured at two different pHs (7.4 and 6). This indicates that pH decreases trigger the shrinkage of the matrix (increased concentration of DCF & AuNP components).
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 456 Figure 4. Normalized difference between theoretical SPR curves of the same layer with ±10% variation of thickness (blue line) and normalized difference between measured SPR curves at pH 7.4 and 6 on a C1 SPR chip (black points). The SPR signals are specifically related to the thickness of the Au-DCFs. For the same pH variation, we quantify a signal due mostly to RI change in the bare C1 surface, a slight increase for the thin Au-DCF (1:15) and correspondingly a much higher response for the thick Au-DCF (figure 5a). As predicted, larger responses expected when the dynamic changes take place closer to the plasmonic chip, are experimentally demonstrated according to the comparison between C1 and CM5 presented in Figure 5b. CM5 chips present an intermediary ~150nm CMD matrix as substrate for the Au-DCF while the C1 chip is only covered with a planar carboxylated layer.

Figure 7 .

 7 Figure 7. SPR response dependence on pH step changes (towards acidic domain) of the same Au-DCFs covalently immobilized on C1 (red) and CM5 (black) surfaces. Data is referenced versus the blank channel (without the Au-DCF) on each type of chips 4. Conclusions Dynamic constitutional frameworks augmented with embedded gold nanoparticles (i.e., Au-DCFs) were successfully prepared and investigated using a SPR assay. Au-DCFs were immobilized on two different types of functional chips to assess the influence of the supporting matrix to DCF mobility and its conformational reorganization under pH step changes. The SPR data of both CM5 and C1 sensing chips are consistent with a reversible response, i.e. conformational reorganization of the constitutional framework (DCF & AuNP) in the pH range 5-7.4, relevant for biosensing field. Simulations consistent with experimental data indicate that the pH decrease from neutral to acidic pHs triggers a shrinkage of the DCF & AuNP matrix that can be dynamically monitored using SPR. The thickness of the Au-DCFs layer, their Au content as well as the distance from the sensing SPR surface were demonstrated relevant for assay sensitivity. Thicker DCF layers showed increased response to pH relative to the thinner layers mediated by pH dependent conformational reorganization irrespective of the type of SPR sensing surface used. However, as the pH triggered shrinkage is consistent with an increased volume concentration of Au-DCF components in the depth region relevant for SPR sensitivity, the chip structure modulates the assay sensitivity. The pH-SPR response of the CM5 and respectively C1 chips are encompassing the combined effects of the differences between the 3D and 2D support of the functional layer of each chip. CM5 chips present a ~150nm thick dextran matrix as substrate for Au-DCF vs the C1 chips that have a planar distribution of the binding sites. Consistently, for the same variation of pH values, the matrix (DCF & AuNP) structure more distant from the plasmonic surface (i.e. CM5) renders a smaller SPR response recommending planar plasmonic surfaces as best platforms for analysis. The apparent shift in sensitivity for pH steps above 2 units in favor of CM5 surfaces is related to a larger amount of DCF & AuNP immobilized on CM5 surfaces and to the increased flexibility of the dextran matrix accommodating larger volume variations of the DCF & AuNP matrix when triggered by lower pH. Distinct pH response of the dextran matrix is also possible thus CM5 use should be considered with care. This study reveals for the first time the SPR response, augmented by appropriate chip configuration, AuNP presence and covalent immobilization strategy, to the conformational, i.e. shrinkage, change of a DCF matrix when subjected to pH drops, and provides new insights into the sensing applicability of SPR real-time analysis of adaptive functional materials. More generally, the results presented here show that, using SPR chips functionalised with Au-DCF it becomes possible to assess structural changes (expansion/contraction) at nanometric scale to radically transform sensing by deploying novel adaptive materials. For example, enzyme-loaded Au-DCFs could extend the use of SPR to the quantification of small molecular weight enzyme substrates given the conversion of the substrate by the enzyme is followed by a pH change. Author Contributions: Conceptualization of the analytical approach: E.G.; Conceptualization of Au-dynamic constitutional frameworks: M.B.; methodology for fabrication Au-DCFs: S.Dk. and M.B.; SPR investigation: S.D., M.G, R.M., C.P.; formal analysis: M.G, S.D., C.P. and E.G.; AFM investigation: S.G., SPR simulations: M.G. and E.G.; writing-original draft preparation, S.D. and M.G; writing-review and editing, all authors; All authors have read and agreed to the published version of the manuscript. Funding: This research was funded by Romanian Executive Agency of Higher Education, Research, Development and Innovation Funding thru projects: "Core integration of novel functional, adaptive materials into a smart, highly sensitive analytical system for point of need environmental
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