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1 Size-based characterization of dendrigraft poly(L-lysine) by free solution

N

capillary electrophoresis using polyelectrolyte multilayer coatings
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6 * Corresponding authors: herve.cottet@umontpellier.fr ; laurent.leclercq@umontpellier.fr

9 Abstract

10  Dendrigraft poly(L-lysine) (DGL) constitutes a promising dendritic—like drug vehicle with high
11  biocompatibility and straightforward access via ring-opening polymerization of N-carboxyanhydride in
12 water. The characterization of the different generations of DGL is however challenging due to their
13 heterogeneity in molar mass and branching ratio. In this work, free solution capillary electrophoresis
14  was used to perform selective separation of the three first generations of DGL, and optimized conditions
15  were developed to maximize inter-generation resolution. To reduce solute adsorption on the capillary
16  wall, successive multiple ionic polymer layer (SMIL) coatings terminated with a polycation were
17  deposited onto the inner wall surface. PEGylated polycation was also used as the last layer for the control
18  of the electroosmotic flow (EOF), depending on the PEGylation degree and the methyl-polyethylene
19  glycol (mPEG) chain length. 1 kDa mPEG chains and low grafting densities were found to be the best
20  experimental conditions for a fine tuning of the EOF leading to high peak resolution. Molar mass
21  polydispersity and polydispersity in effective electrophoretic mobility were successfully determined for
22 the three first generations of DGL.

23

24  Keywords: Capillary electrophoresis, dendrigraft poly(L-lysine), polyelectrolyte multilayers,
25  PEGylation, EOF modulation.
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1. Introduction

Capillary electrophoresis (CE) is an analytical technique that presents numerous benefits for
polymer and biopolymer analysis [1,2]. One limitation of the technique is analyte adsorption [1-6] that
decrease the separation efficiency and the overall analysis performances and repeatability. Adsorption

could be avoided or at least limited by the deposition of polyelectrolytes onto the capillary surface [7,8].

The implementation of Successive Multiple lonic Polymer Layers (SMIL) capillary coating has
demonstrated effective reduction of adsorption and improved analytical efficiency in protein analysis
[9-23]. Tt was highlighted that the EOF remained consistently high when using fully ionized
polyelectrolytes (EOF mobility typically around =+ 40 Tiselius Units (TU), with | TU=1x 10" m?V?'s
Y [7]. This high EOF mobility resulted in short and repeatable analysis times but with possibly limited
resolutions (R;) due to fast analysis. Since EOF is primarily influenced by both the nature of the last
polyelectrolyte layer and the composition of the background electrolyte (BGE) [21]. Modulating the
EOF can be achieved by using a weak polyelectrolyte as the final layer and/or by changing the pH and

ionic strength (/) of the BGE.

Due to its antifouling properties towards biological molecules [24-33], mPEG chains were
chemically linked to different polycations, which were subsequently employed as top layers in SMIL
capillary coatings [7]. It was demonstrated that the EOF was impacted when the mPEG chains length
exceeded the Debye length, the latter depending on the BGE ionic strength. Competitions between the
steric hindrance of mPEG chains and the shearing effect occurring in the Debbye length zone, resulted
in a more or less pronounced hydrodynamic screening and decreased EOF value. The strong impact of
mPEG chains density was highlighted in that study, with EOF value decreasing from -45 TU for non-
PEGylated SMIL to only -5 TU for the same SMIL with the polycationic last layer modified with 5 kDa
mPEG chains. Such neutral coating behavior allowed higher peak separation efficiency and better peak

resolution (Ry) for protein separation [7].

A lot of applications can benefit from SMIL coatings and EOF modulation, especially
(bio)polymer characterization and protein characterization by CE/MS [34-39]. PEGylated SMILs could

pave the way to better CE-MS coupling, since high R; and EOF control are key factors for efficient
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analysis. Too high EOF value disturbs the formation of stable electrospray droplets and may lead to ion
suppression effects [40]. Various experiments concluded that near-zero EOF CE-MS experiments gave
excellent peak resolution, separation efficiency and allowed wider detection window (leading to better

mass spectra) [36—39].

In this work, we propose to use SMIL and PEGylated SMIL to characterize the three first
generations of dendrigraft poly(L-lysine) (DGL). DGL polycations are synthesized by successive ring-
opening polymerization of lysine protected N-carboxyanhydride in water, as described by Commeyras
et al. [41]. The first DGL generation (G;) gives linear a-poly(L-lysine) (a-PLL) oligomers. The second
DGL generation (Gz) is a comb-like poly(L-lysine). The third generation of DGL (G3) is a
hyperbranched poly-lysine. Up to five DGL generations can usually be synthesized, with increasing
branching ratio and molar mass. Their high solubility in water [41], their high structural stability upon
time [42], their easy chemical modification [43], their non-immunogenic behavior [44], their low
cytotoxicity [45] and their biocompatibility [46] make DGL, and dendrimers of lysine in general, of

great interest as novel drug delivery systems [47].

Regarding their size characterization, Dynamic Light Scattering (DLS) and Taylor Dispersion
Analysis (TDA) were used to determine DGL hydrodynamic radius [48,49]. An almost linear correlation
of the hydrodynamic radius with the generation number was observed, as expected for dendritic-like
structures. The impact of organic solvent on R, measurement was studied by Yevlampieva et al.,
revealing high flexibility of DGL structure, compared to other dendrimers [49]. Size-Exclusion
Chromatography (SEC) coupled with multi-angle laser light scattering detection was used to determine
the molar mass distribution and polydispersity indexes [41,50]. CE and TDA were successfully used to
monitor surface functionalization of DGL [43]. DGL molar mass, hydrodynamic radius (R;) and
effective charge (z.;) are presented in Table 1. Colorimetric methods were used to determine of the
number of amino groups in DGL [48,51]. The overall DGL effective charge can be determined by
capillary isotachophoresis, leading to information about counter-ion condensation which was found to
dramatically increase with DGL generation number [52]. DGL characterization remains a complex task

due to multiple distributions in molar mass and branching ratio, and the relative sample polydispersities.
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Among the analytical targets, the inter-generation purity is a key point since DGL (as other dendritic
structures) are synthesized step-by-step, from one generation to the other. Free solution CE analysis
appears to be well-suited to check inter-generation DGL purity due to its simplicity, low-cost and
relatively rapid and straightforward analysis without any sample preparation or filtration. The free
solution electrophoretic mobility is known to be independent of the molar mass for linear
polyelectrolytes above a certain molar mass (typically, 10* g/mol) [53], but depends on the branching
ratio, notably because the effective charge of the dendrimer changes with the counter-ion condensation
which is affected by the distance between adjacent charged monomers[52]. Collet et al. performed DGL
analysis up to the fifth generation by CE using a fused silica capillary, with however incomplete
separation between each generation [41]. G; analysis in free solution allows distinguishing seven peaks,
with poor peak resolution. Capillary gel electrophoresis (CGE) allows the separation of G; oligomers,
from 3 to 24 monomer units, but this method is more difficult to implement compared to free solution

CE and is time-consuming.

In the present work, we aim to improve the free solution CE separation of DGL G to Gz using PEGylated

SMIL and to determine their electrophoretic mobility dispersity and inter-generation purity.

2. Experimental section

2.1. Chemicals and Materials. Dendrigraft Poly(L-lysine) (DGL, Gi, G; and G3) were synthesized
in the laboratory according to [41]. 4-(2-hydroxyethyl)-1-piperazineethane sulfonic acid (HEPES,
99.5% purity), 2-Amino-2-(hydroxymethyl)-1,3-propanediol (Tris, > 99.9% purity), sodium nitrate
(99.0% purity) and penta-Lysine (> 55% purity) were purchased from Sigma-Aldrich (Saint-Quentin-
Fallavier, France). Sodium hydroxide (98 % purity) was purchased from Fluka (Saint-Quentin-Fallavier,
France). Sodium azide (99.5% purity) was purchased from Merck (Darmstadt, Germany). Acetic acid
(99.99% purity) was supplied by VWR Chemicals (Rosny-sous-Bois, France). Imidazole was purchased
from Acros Organics (Geel, Belgium). Orthophosphoric acid (85% content) was purchased from Prolabo

(Paris, France).
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Methoxy-(polyethylene glycol)-succinimidyl carboxyl methyl ester (mPEG-NHS-SCM) of 1
kDa (PLS-215) and 5 kDa (PLS-213) average molar masses were purchased from Creative PEGWorks
(Durham, NC, USA). Poly(allylamine hydrochloride) (PAH, M,, = 120-200 kDa) was supplied by Alfa
Aesar (Kandel, Germany). Poly(diallyldimethylammonium chloride) (PDADMAC, M,, = 450 kDa)
were purchased from Sigma Aldrich (Saint-Quentin-Fallavier, France). Poly(sodium styrenesulfonate)
(PSS, M,, =70 kDa) was purchased from Acros Organics (Geel, Belgium). Deionized water (18 MQ.cm™
1) delivered by a Synergy UV water purification system (Millipore, Fontenay-sous-Bois, France) was

used.

0.1 pm cutJoff Durapore membrane filters were purchased from Millipore (Molsheim, France).
Dialysis tubings (cut-off: 1, 3.5, 8 and 12—-14 kDa) were purchased from Spectrum Labs (San Francisco,

CA, USA).

PAH were PEGylated with either 1 kDA mPEG or 5 kDa mPEG, following EDC/NHS synthesis
protocol, as described in a previous paper [7]. For the 5 kDa mPEG polyelectrolyte modification, lower
grafting ratio than the targeted one was found due to possible steric hindrance of the long mPEG chains.
In contrast, a better control of the grafting ratio was obtained in the case of 1 kDa mPEGylation.
PEGylated PAH polycations were characterized by 'H NMR (as given in supporting information in
Figure SII and SI2) and SEC-MALLS (Figure SI3). The main characteristics are gathered in Table 2.
More details about the experimental conditions for the characterization can be found in ref [7].
PEGylated PAH were named PAH-g-(mPEGy)y, where x corresponds to the mPEG length and y to the

measured PEGylated grafted ratio.

2.2. SMIL coatings. All SMIL capillary coatings were composed of a 4-layer (PDADMAC/PSS),
substructure terminated with either native or PEGylated PAH and were named (PDADMAC/PSS),-
(PAH-g-(mPEGy)y)1. Capillary coating procedure was performed according to [7,8,54]: flush at 930
mbar with NaOH 1 M solution for 10 min, followed by 5 min with pure water and 10 min with

construction buffer (HEPES/NaOH, 20 mM / 10 mM, pH 7.4). Next, polyelectrolyte solution (3 gL' of
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PDADMAC or PSS in construction buffer) was flushed for 7 min, followed by a capillary rinsing with
the construction buffer (3 min). This step was repeated four times, starting with PDADMAC. For the
fifth layer coating, polyelectrolyte solution consisted of PAH (or its PEGylated derivative) dissolved at
3 gL! in the construction buffer, followed by a 3 min rinsing step with HEPES solution and 5 min wait.

Finally, the coated capillary was flushed with BGE for 10 min.

2.3. Separation of dendrigraft poly(L-lysine) by capillary zone electrophoresis in free
solution. Capillary zone electrophoresis experiments were performed on an Agilent 7100 CE piloted
by ChemStation software, using 58.5 or 88.5 cm capillary (50 and 80 cm of effective length, respectively,
50 um capillary I.D. and 359 pm capillary O.D.) and 125/250 mM Tris-phosphate BGE, pH 2.2 (I =
134.7 mM). Analyte (DGL G, G, and Gs) were kept separately in BGE (at 2 gL ') in the freezer. BGE
was flushed for 3 min at 1 bar between each run. The separation voltage was +20 kV. DMF (0.001%
m/v in the BGE) and imidazole (0.001% m/v in BGE) were hydrodynamically injected as markers for 3
s at 30 mbar, followed by injection of DGL (2 or 0.5 gL' each in the BGE) for 4 s at 30 mbar. The

temperature of the cartridge was set at 25°C. Detection wavelengths were 214 and 200 nm.

2.4. Polydispersity index (PDI) measurement. Polydispersity index (PDI) gives information
about the dispersion of a given polymer distribution. PDI can be determined on molar mass distribution
using SEC, on hydrodynamic radius distribution using TDA or DLS [41], or on electrophoretic mobility
distribution using CE [55]. As described by Burchard in 1999 [56], polydispersity index relative to the

mass size distribution (PDIy) can be expressed as (eq. 1):

PDI _ My €))
M — Mn

where M, and M, are the number and weight average molar mass of the analyte, respectively.
Polydispersity index relative to the effective electrophoretic mobility distribution (PDI,) can be

expressed as (eq. 2) [56,57] :

i
w
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with oﬁ being the peak variance of the electropherogram modified by turning time x-scale into effective

electrophoretic mobility x-scale [58] and fi2, being the average effective electrophoretic mobility of the

analyte.

3. Results and discussion

3.1. Improving linear poly(L-lysine) oligomers separation in free solution CE by
EOF modulation. In the first part of this work, we aimed to determine the best experimental
conditions for the analysis of the first generation of dendrigraft poly(L-lysine) (G)) in free solution CE.
G is a linear oligomeric poly(L-lysine). Experiments were carried out using Tris-phosphate buffer (125
mM /250 mM, pH 2.2) as background electrolyte (BGE) and a 50 pm L.D. (O.D. =359 um) fused silica
capillary of 58.5 cm long (50 cm to the detector). Imidazole was used as the mobility marker. Effective
electrophoretic mobility of imidazole was +37.0 TU at +20 kV. In free solution CE, the electrophoretic
mobility of short oligomers can vary due to hydrodynamic coupling [59,60], but the main cause of the
selectivity in the present case is due to specific interaction between phosphate ions (H,PO4") and poly-
L-lysine [61,62].

As shown in Figure 1, the CE analysis of Gi in a bare fused silica capillary at +20kV led to the
detection of broad distribution with low resolution between oligomers. The apparent mobility with the
fused silica capillary is +5.56 = 0.06 TU. The adsorption of poly(L-Lysine) onto the capillary wall is
limited in phosphate buffer at pH 2.2 due to almost neutral silica surface and probable interactions of

phosphate ions with poly(L-lysine) [62].

To improve this separation in free solution (i.e. without addition of gel or entangled polymer
solution in the BGE), it is possible to reduce the EOF magnitude, or even to reverse the EOF in a
controlled manner. By this way, the apparent mobility of the G; oligomers is decreased, which
consequently increases the apparent selectivity, and thus, the resolution, to the detriment of the analysis
time. As for G, separation, it is worth noting that the free solution electrophoretic effective mobility of
the poly(L-lysine) oligomers is changing with the molar mass due to two effects: interaction of

oligolysines with hydrogenophosphate ions and to a lower extent due to relaxation effect [62].
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To improve G, separation, we used a 5-layers SMIL coating based on poly(diallyldimethylammonium
chloride) (PDADMAC) as the polycation, sodium poly(styrene sulfonate) (PSS) as the polyanion, and
a last layer containing variously PEGylated polyallylamine hydrochloride PAH-g-(mPEG)x (where x is
the molar proportion of PEGylation on the PAH). 1 kDa and 5 kDa mPEG were used as grafting agents.
Synthesis and characterization of PEGylated PAH were realized following the protocol previously
described by Roca et al.[7]. As shown in Figure 1, 5kDa mPEG slightly reduces the EOF compared to
fused silica but do not reverse the EOF direction. This is due to the fact that the SkDa mPEG chain
length (hydrodynamic diameter ~ 3.5 nm calculated from Mark-Houwink coefficients) [63] is much
higher than the Debye length (0.83 nm in the Tris-phosphate BGE), leading to important hydrodynamic
screening in the electrical double layer of the EOF generated by the cationic charges. Therefore, SMIL
terminated with a PAH-g-(mPEGskpa)x led to close to zero EOF, as displayed in Figure 2. The best EOF
regulation was obtained using PAH-g-(mPEG «pa)x, leading to a broad range of EOF mobility from -1.01
+ 0.11 TU for the 23.5% 1 kDa PEGylated PAH to -16.68 + 0.10 TU in the case of unmodified PAH.
EOF mobility could be successfully regulated according to the 1 kDa mPEG proportion. A total of 10
peaks were detected for G in about 20 min using SMIL coating terminated with PAH-g-(mPEG pa)o.065
as the last layer. As for the G1 separation, the unPEGylated PAH gives even higher resolution with an

analysis time of about 35 min.

3.2. Optimize the separation of the three first generations of DGL. EOF regulation
was applied to the analysis of DGL Gi, G, and Gs; in free solution. This inter-generation separation is
essential to quantify the inter-generation purity. The separation between DGL generations is notably
driven by the drop in the effective charge per monomer with increasing generation number [52] which
can be explained by higher counter-ion condensation for higher branching ratios. The DGL
concentration was reduced from 2 gL' to 0.5 gL' to limit the electromigration dispersion (overloading
effect) and UV-detection was set at 200 nm for better sensitivity. Gi, G2 and G3 were injected separately
to better visualize the co-migrations between DGL generations. As shown in Figure 3A, using a 58.5 cm
long bare fused silica capillary, G; to G DGL were detected in less than 10 min with only partial

separation between generations, and only 4 peaks that can be distinguished for G; oligomers. Using
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PAH-g-(mPEGipa)o.133 as the last layer gave better results with 7 distinguishable peaks for G; and better
separation between G; and G, and between G; and Gs. Finally, PAH-g-(mPEG pa)o.ss as the last layer
afforded the highest peak resolution, with 13 peaks detected for G; and improved peak separation
between Gi and G,. The three DGL generations were detected in 35 min (Figure 3A, upper trace).
UnPEGylated PAH was not used due to too high migration times.

Similar experiments were carried out on an 88.5 cm long capillary (80 cm to the detector) to further
increase the peak resolution (Figure 3B). 13 different peaks were detected using 13.3% and 6.5%
PEGylated PAH as last layer, with 2.38 and 2.53 peak resolution between the two highest peaks of G
(corresponding to a polymerization degree (DP) = 6 and 7), respectively, while other experiments
presented in Figure 3 never exceeded peak resolution of 1.50 (see Table SI1). 88.5 cm long capillaries

were used to determine inter-generation DGL purity.

3.3. Characterization of DGL polydispersity and inter-generational purity. Peak
assignment of G; was performed on a 58.5 cm long fused silica capillary, coated with
(PDADMAC/PSS),~-(PAH-g-(mPEG kpa)0.033)1. As shown in Figure 4, 13 peaks were detected in 26 min.

The peak assignment was done by spiking the G; sample with pentalysine (see Figure SI4).

Polydispersity index (PDI) of all three generations were calculated from the experimental data
obtained with an 88.5 cm long fused silica capillary, coated with (PDADMAC/PSS),-(PAH-g-
(MmPEGipa)o.oss)1 SMIL. For Gi, PDI was measured according to two different ways, i.e. in terms of
molar mass polydispersity (PDIy) and in terms of electrophoretic effective mobility polydispersity
(PDL,). Equations used to determine PDIys and PDI, are given in section 2.3. The determination of PDI,
requires the transformation of the raw electropherogram (absorbance A(f) vs migration time (#)) into
effective electrophoretic mobility distribution (P(x) ~ A(f) x t, see Figure SA), following previously
described protocols [58]. More details about these transformations are provided in supporting

information (Figure SIS and SI6). Both PDI values demonstrated relatively low polydispersity (Table

3).
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In the case of G, and Gs, PDI) could not be determined since it is not possible to get the molar
mass (or DP) distributions. Indeed, to get the molar mass distributions, a bijective function between the
effective mobility and the molar mass would be required. Since the electrophoretic mobility of the
hyperbranched dendrimers are depending in a complex manner with the branching ratio, the effective
charge and indirectly with the molar mass, it is not possible to get such bijective function. In other words,
a given effective mobility can correspond to two (or more) DGL structures having different branching
ratios and different molar masses. Higher branching ratios are strongly lowering the effective charge per
monomer due to stronger counter-ion condensation [52].This explains why the DGL effective mobility
decreased with DGL generation (higher branching ratio and lower effective charge per monomer). Only
PDI, values were calculated for G> and Gs; (Table 3). Since both G, and Gz presented some
intergenerational impurities (G; in Gz sample and both G; and G; in G3 sample), PDI, was estimated on
the main peak (see Figure 5B and 5C). PDI, value decreased with increasing the generation number.
Beyond inter generation comparisons, PDI are of interest for the synthetic chemist to compare the batch-

to-batch reproducibility.

The inter-generational purity was calculated for G, and Gs, using a (PDADMAC/PSS),-(PAH-
g-(mPEGikpa)o.0ss)1 coated capillary (Figure 6). Using CE-Val software to measure time-corrected peak
area, residual G in G, was found to be about 4.3 + 1.4 %, corresponding to 25 mgL"' concentration of
G in G2. The same way, residual G; and G, in G3 were found to be about 56 mgL™"! (6.6 + 1.0 %) and
97 mgL' (13.2 + 2.8 %), respectively. The error bars given for the inter-generational purities were

evaluated based on the visual evaluation of the integration limits, as depicted by the red arrows in Figure

6.

Conclusion

In this paper, capillary coatings based on successive multiple ionic polymer layers (SMIL)
terminated with a PEGylated PAH layer were used to characterize the polydispersity and the inter-
generation purity of three dendrigraft poly(L-lysine)s generations. By changing the proportion of

PEGylation a controlled regulation of the EOF could be obtained to improve the intergeneration

10
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separation. 13.3%, 6.5% and 3.3% 1kDa PEGylated polycations led to better resolution compared to
bare fused silica capillary. Finally, polydispersity indexes in mass and mobility were determined after
adequate transformations of the electropherograms into effective mobility distribution or DP

distributions.
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LIST OF CAPTIONS

Figure 1 : Impact of the capillary coating on DGL G, analysis by CE in free solution. Experimental
conditions: fused silica capillary of 58.5 cm total length (50 cm to detector) x 50 um I.D. (359 um O.D.).
Coating: none (fused silica) or (PDADMAC/PSS), + a last layer as indicated in the figure. Coating
protocol: See section 2.1. BGE: Tris-phosphate buffer (125 / 250 mM), pH 2.2. Applied voltage: +20
kV. Hydrodynamic injection: 30 mbar, 4 s (0.27% of total capillary volume). Concentration of analytes:
I: Imidazole (0.001% m/v) used as mobility marker, G;: DGL G; (2 gL' in BGE). Temperature: 25°C.
UV detection: 214 nm.

Figure 2 : Impact of the proportion of mPEG in the last layer of a 5 layers SMIL coating on
electroosmotic mobility. Same experimental conditions as in Figure 1. Error bars were estimated as +
one SD on n = 5 repetitions.

Figure 3: Impact of the capillary coating for the separation of DGL Gi, G; and G; at pH 2.2 on a
58.5 cm (A) and 88.5 cm (B) long capillary by free solution CE. Experimental conditions: fused silica
capillary of 58.5 and 88.5 cm total length (50 and 80 cm to detector) X 50 pm L.D. (359 pm O.D.).
Coating: none (fused silica) or (PDADMAC/PSS), + last layer as indicated in the figure. Coating
protocol: See section 2.1. BGE: Tris-phosphate buffer (125 / 250 mM), pH 2.2. Applied voltage: +20
kV. Hydrodynamic injection: 30 mbar, 4 s (0.27% and 0.13% of total capillary volume, respectively).
Concentration of analytes: I: Imidazole (0.001% m/v) used as mobility marker, Gi: DGL G, (0.5 gL,
G2: DGL Gz (0.5 gL' and Gs: DGL Gs (0.5 gL!) all in BGE. Temperature: 25°C. UV detection: 200
nm.

Figure 4: Optimized DGL G; analysis at pH 2.2 using (PDADMAC/PSS),-(PAH-g-
(MPEG pa)o.033)1 coated capillary by free solution CE. Experimental conditions: fused silica capillary
of 58.5 total length (50 cm to detector) x 50 pm L.D. (359 pm O.D.). Coating protocol: See section 2.1.
BGE: Tris-phosphate buffer (125 /250 mM), pH 2.2 Applied voltage: + 20 kV. Hydrodynamic injection:
30 mbar, 4 s (0.27% of total capillary volume). Concentration of analytes: G;: DGL G; (0.5 gL! in
BGE). Temperature: 25°C. UV detection: 200 nm.

Figure 5: Determination of PDIy-1 and PDI, for G (A), G2 (B) and Gs (C) using
(PDADMAC/PSS),-(PAH-g-(mPEG1kp.)0.065)1 coated capillary by CE in free solution. Experimental
conditions: fused silica capillary of 88.5 total length (80 cm to detector) X 50 pm L.D. (359 um O.D.).
Coating protocol: See section 2.1. BGE: Tris-phosphate buffer (125 /250 mM), pH 2.2 Applied voltage:
+ 20 kV. Hydrodynamic injection: 30 mbar, 4 s (0.13% of total capillary volume). Concentration of
analytes: DGL G, Gz and G; (0.5 gL! in BGE). Temperature: 25°C. UV detection: 200 nm.

Figure 6 : Determination of intergenerational impurity for G; and Gs using (PDADMAC/PSS).-
(PAH-g-(mPEGikpa)o.oss)1 coated capillary by CE in free solution. Same experimental conditions as
in Figure 5. Baseline and integration limits used for intergeneration purity are displayed in the figure.
The middle ticks display the limits used to determine the average values given in the text. The red arrows
depict the integration limits used to estimate the errors on the inter-generation purities.
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Ry (nm) [41] 1.03 1.96 3.06
Effective charge (z.f) [50] 7 31 43

*
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Table 2: Targeted and effective grafting ratio of the PEGylated poly(allylamine).

) mPEG 1kDa mPEG 5kDa
Polycation backbone
3% 6% 12% 20% 5% 20%
PAH 3.30 6.5 13.30 23.50] 3.1M! 11.11)

1l Grafting rates determined by *H NMR
bl Grafting rates determined by SEC-MALLS

*
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Table 3
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Table 3: PDIy and PDI, values for DGL G1, G2 and Gs. Error bars are + one SD (n = 3).

G1 Gz G3
PDI, PDI, PDI,
DP,, PDIy Uw Oy Uw oy Uw Ou
(10 (104 (104
7.66 1.09 26.05 0.49 3.61 24.39 0.50 4.28 23.28 0.33 1.97
+0.04 0.05 £0.09 £0.02 0.3

+0.1 +£0.02 +0.36 +0.18 +0.01 +0.18



https://www2.cloud.editorialmanager.com/chroma/download.aspx?id=2539129&guid=34d48e8f-0629-4d1a-9b3a-4e41e8b027d3&scheme=1
https://www2.cloud.editorialmanager.com/chroma/download.aspx?id=2539129&guid=34d48e8f-0629-4d1a-9b3a-4e41e8b027d3&scheme=1

