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Biocompatibility is an important issue that still needs research if one desires to fully preserve the
metabolic activity of cells encapsulated in any type of material. Spectroscopic techniques (e.g., NMR
and fluorescence) have been used to study the viability decrease upon aging time of bacteria encapsulated
in silica gel materials. Unfortunately, none of these spectroscopic techniques are able to provide insights
about the detrimental causes affecting the viability of encapsulated cells. The current work uses cryo-
scanning electron microscopy (cryo-SEM) for the in situ study of hydrated biocomposites, given its ability
for mapping the water distribution within the host matrix. Cryo-SEM is accompanied by fluorescence
experiments which allow correlating the metabolic activity of the cells with their structural integrity.
The combination of these techniques provides useful information for the design of new biocomposites
where encapsulated bacteria preserve their structural integrity and, thus, are viable for periods of time in
a range similar to those found for bacteria suspended in buffered solutions.

Introduction culture can mimic in vivo growth conditions where the mech-
anical and biochemical interplay between cells and the sur-
rounding extracellular matrix are rather comp¥efor ex-
ample, the transformation of cancerous breast cells into non-
cancerous ones through the use of a determined therapy has
been observed in 3D but not in 2D cultufe$o date, the
material of choice as a 3D support for cell growth has been
basically restricted to several polymer foams and scaffolds,

which have been demonstrated to have a structure and a bio-

Since 19906 and for more than a decadesol—gel pre-
paration of different biocomposites has been the objective
of numerous research groups. More recently, research ha
focused on the development of sgel biocomposites cap-
able of being applied in many different fields, from bio-
sensing to biocatalysis up to biomedici very interesting
application recently developed is based on the use of sol

gel surfaces as solid supports for cell growth (two-dimen- N L : -
sional (2D) cultures), an approach useful for both simple com[:;atlblllty that allows colonization by different living
cells:

organisms such as bacteria and the more complex and de- . . )
The sot-gel preparation of biocompatible and porous 3D

manding mammalian celfsHowever, it is in many cases . ) e i
necessary to grow cells in three-dimensional (3D) structures SUPPOrts where cells might proliferate within the confined

(3D cultures), rather than in surfaces, because only a gpPorosity is of great interest. From a structural point of view,
and to allow for cells proliferation, porous materials should

be adjusted in terms of cavity size for every particular case;
that is, the cell size ranges from a few micrometers for most
bacteria to about 10@m for animal cell$ Different sol-

gel approaches have demonstrated their ability in the prep-
aration of foams and scaffolds with tuned macroporous struc-
tures? Unfortunately, preliminary results on cell growth ob-
tained with sot-gel based materidfsare still far from those
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with polymers® no matter what identical macrostructure is electron microscopy (cryo-SEM) in materials scieftitjs
used in both works (e.g., inverse opals). Surface modifica- a common tool used in biology when the preservation of
tion of the sot-gel scaffold with bioactive components is the structural integrity of many different hydrated systems
recommended by Kotov and co-workers to further improve is required:® Cryo-SEM has provided insights on the water
their biocompatibility’® The partial success of setjel mater- distribution within the host matrix and, ultimately, has allow-
ials as host matrixes for 3D cultuf@seveals that preserving  ed for the observation of the cell integrity when the cells
bacteria viability upon encapsulation is intrinsically more are encapsulated under different conditions and after different
complex than upon immobilization on substrates for 2D aging times. The observation of encapsulated bacteria has
cultures?® guided us in the design of new host matrixes. Fluorescence
Thus, host matrix biocompatibility is a capital issue in-sol ~ spectroscopy has revealed the improved biocompatible
gel materials that still needs research if one desires to fully character of such matrixes.
preserve the metabolic activity of encapsulated cells. Use
of aqueous setgel routes has succeeded for a full preserva-
tion of the integrity of the cell membrane during the encap-

sulaﬂo_n procesS. However, right after gelation and during glycidyl isopropyl ether (GIE), sodium citrate, anejluconolactone
the aging pr_ocess, further methanol rele_ase from non_'hydro'were from Sigma-Aldrich Co. The synthesis M{(3-triethoxysi-
lyzed alkoxides, cell exposure to chemical groups situated lylpropyl)gluconamide (GLTES) from APTES amsigluconolac-

at the porous surface (e.g., silanol groups), and/or physicaltone was performed as described elsewkéfe bacterial strain
constraint exerted on the cells by the characteristic shrinkagek. coli-GFP was prepared as described elsewHéerd/ater was

of the matrix result in poor viability of encapsulated cells. distilled and deionized.

Actually, NMR and fluorescence studies have shown that Sample Preparation.A silica sol stock solution (1 mL) is ob-
cell activity dramatically decreases up to negligible levels tained by mixing 0.76 mL of TEOS, 0.24 mL of;B, and 5.quL

in just a few days after encapsulatitfic Unfortunately, pf HCI (_0.6 M). The solis vigorously stirred fo_r 30 min. The result-
neither NMR nor fluorescence spectroscopy can provide ac-ng sol is 13.6 M. in EtOH given that alcohol is a byproduct of the
curate data regarding the causes behind the loss of CeIIhydroly5|s reaction. For the gchlevement of an alcohol-free sol,
metabolic activity. rotavapor methods were applied on the hydrolyzed and diluted sol

. ) (1 mL of H,O is added to 1 mL of sofj¢15Sols containing glycerol
The current work attempts to get insights regarding the were prepared by addition of 1 mL of a glycerol/water solution

factors governing the viability of encapsulated living cells. (10 wt % in glycerol), while highly diluted aqueous sols were
The samples under study are hydrated silica gel materialsoptained by addition of 4 mL of 0 to 1 mL of sol. In every
containing Escherichia colicells and stored at 4C in case, addition occurs prior to rotaevaporation. The organically modi-
buffered solutions. Th&. coli strain used was genetically fied silica sol stock solution (1 mL) is obtained by dissolving 0.135
engineered to express a fluorescent protein (green fluoresceny of GLTES in 5uL of HCI (0.6 M) and water. The resulting sol
protein, GFP) in response to the presence of medium-chain-is vigorously stirred for 30 min and submitted to rotaevaporation
length alkanes (€to C;; alkanes) or of dicyclopropyl ketone ~ for alcohol removal. _ _ N

(DCPK). The capability of the engineered bacteEiacoli- TEOS based biocomposites are obtained by mixing an e_qual
GFP to fluoresce can be used to study both the biocompat-/0!ume (75 uL) of the hydrolyzed sol and of the bacterial

- . R suspension in a cylindrical polystyrene container. GLTES/TEOS
ibility of the encapsulation route and the viability of encap- based biocomposites are obtained by mixing 52.8f TEOS stock

sulated cells with aging time. However, as mentioned above, sol, 52.5uL of GLTES stock sol, 5.0L of buffered solution (e.g.,

spectroscopic techniques cannot reveal the reasons for viay \ Tris/HCl, pH 7.5), and 75.@L of bacterial suspension. The

bility loss. Thus, the use of a different analytical tool is re- TEOS/GLTES molar ratio used for biocomposites preparation is

quired to study the structural integrity of the encapsulated 90/10 3.8 wt % of GLTES).

bacteria. Regardless of the nonextended use of cryo-scanning In both cases, gelation occurred after mixing in just a few minutes

and the resulting gels are allowed to dry for 20 min &C8prior
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Experimental Section

Materials. Tetraethyl orthosilicate (TEOS), aminopropyltri-
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Table 1. Summary of Biocomposites Studied in This Work and 1200 1
Experimental Conditions Used for Their Preparation = 1
aqueous mL of water/  agingin L 1000:
sample precursor (molar ratio)  sol additives buffer 2 ]
1 TEOS (100) no 1/none yes % 800 1
2 TEOS (100) yes 1/none yes £ ]
3 TEOS (100) yes 4/none yes = 600
4 TEOS (100) yes 1/glycerol yes 2 ]
5 TEOS/GLTES (90/10) yes 1/none yes § 400 1
aWater and additives added prior rotaevaporatfohging is always 4 ]
performed at £C. ¢ The GLTES wt % is~3.8. S 2001
= ]
uw ]
structure is not a trivial issue, because the formation of ice crystals 0 s e R,
can disrupt the cellular structure. Rapid freezing is required to avoid 01 2 3 45 678
the formation of ice crystals and preserve the agueous component Induction Time (hours)

of the cell near the vitreous state (e.g., glassy water). Glassy WaterFigure 1. Fluorescence response 6f coli-GFP suspended in a buffered

is obtained by very rapid cooling (16C/s)6 The fastest cooling  solution after addition of DCPKL{) No DCPK added; M) DCPK added
rate that can be achieved by direct plunge in liquid nitrogen is attime 0. Inset: Fluorescent bacteria obtained after induction observed in

around 5x 1@ °C/s1” The low heat capacity and thermal con- & fluorescence microscope (bar igcrh).

ductivity (latent heat) of liquid nitrogen allows for the formation

of a vapor barrier around the sample (e.g., the leidenfrost effect), to Nomarski. It should be noted that hundreds of cells were visual-
restricting the rate at which heat is withdraw from the sample and ized under the confocal microscope for each condition with identical
allowing for ice crystal formation. Lowering the pressure of liquid morphology. For simplicity, we consider that images represent the
nitrogen allows for the formation of nitrogen slush which is able X—Y plane, while the depth in focus represents zteis.

to absorb heat without increasing its own temperature (heat is used Fluorescent Spectroscopy Experimentszluorescence measure-
for the slush to liquid transition rather than for temperature increase), ments were performed finont facemode at 20C in a SLM-8000C

and cooling rates of #OC/s can be obtained. This cooling rate is  spectrofluorimeter (SLM Instruments, Urbana, IL). The excitation
not that used for achievement of glassy water but is enough to keepwavelength was selected at 485 nm. The fluorescent spectrum of
ice crystal formation to a minimum. The validity of the freezing every sample was the mean of three independent experiments,
process is provided by whether ice crystals are visible at the SEM performed in duplicate. Appropriate blanks were respectively
pictures. Thus, the absence of crystals in any of the pictures showedsubtracted to minimize the scattering contribution in the sample
in Figure 3 guaranties the observation of bacteria in its pristine emission.

state, and, hence, the occurrence of any type of bacteria damage Results and Discussion

must be ascribed to the encapsulation process, either before or after Tha metabolic activity of the bacterial cells used in this

gelation. ) ) ~_work can be determined by measuring their fluorescent
Thel frokzten SF;QC'(;“QT‘S are dtranslfe"‘fd t(; anreparfat'ot” unit Via .esponse to the presence of an inducer (e.g., DCPK). The
an airfock transfer device and cryotractured, Freeze fraclure oper- .o 4se of the fluorescence intensity shown in Figure 1 for

ates on the principle that a specimen that is held in place frozen in . . .
bacteria suspended in a buffered solution reports the cell

ice can be treated like a solid rigid structure and broken or fractured ~ "~ )
in various regions of the specimen. These newly fractured surfaces@Pility to express the GFP, and the bacteria becomes strongly

may run along the original surface of the bacteria but are also likely fluorescent (see inset of Figure 1). The first issue under study
to pass through them. In our case, cross-sectioned bacilli aremust be the tolerance &. coli-GFP to the ethanol produced
eventually obtained for fractures shown in Figure-38,E,F. during TEOS hydrolysis and condensation. Figure 2A shows
The fractured specimens are directly transferred (via a secondhow the exponential growth of cells is completely disrupted
air lock) to the microscope cold stage, where they are etched for 2 for ethanol concentrations ef2.2 M (10 wt %) and above,
min at—90 °C. After ice sublimation, the etched surfaces are sputter in the range of those previously reported for methatfol.
coated with gold in the preparation unit. Samples are subsequentlyNote that the ethanol concentration at the sol resulting from
transferred onto the cold stage of the scanning electron microscopergog hydrolysis is 12.8 M, which makes mandatory the
chamber. Fractured surfaces are observed with a DSM 960 Zeisssq of glcohol-free selgel routes for bacteria encapsulation.
scanning electron microscope-at35°C under the following con- Otherwise, even highly fluorescent bacteria (e.g., DCPK
ditions: acceleration potential, 15 kV; working distance, 10 mm; . . . . 2
and probe current, 510 nA. Energy-dispersive X-ray analysis induced) rapldly lose intensity of'f.luorescence emission when
(EDX) was performed using an Oxford instrument SIS LINK suspended in a nonaqueous silica sol, most likely because
system. of membrane lysis and subsequent cell death. Fluorescence
Fluorescent Confocal Microscopy.Confocal microscopy was ~ Vanishing also indicates GFP denaturation, as a consequence
performed with a Radiance 2100 (Bio-Rad) laser scanning systemOf protein exposure to ethanol after membrane I¥Sis.
on a Zeiss Axiovert 200 microscope. For fluorescence excitation, Comparison of cryo-SEM micrographs of bacteria encap-
an argon ion laser with 488-nm wavelength and an appropriate sulated in TEOS based sefjel materials prepared from an
combination of beam splitter and barrier filter were used. The imag- alcoholic sol (Sample 1, Figure 3A) or an alcohol-free route
es were simultaneously taken in the fluorescence confocal mOde(sampIe 2, Figure 3B) shows that the presence of alcohol
(depth of focus 500 nm) as well as in the transmitted light mode ¢ 115 in the loss of interface between bacteria and the host
of the instrument using differential interference contrast according matrix (arrows indicate some representative cases). However,
Py =3 Aol Phve 1985 58 663 when encapsulation proceeds in absence of alcohol (sample
2173 Ki?syoepr: B..E..; ggyle, Xaaintgnaﬁce of.Microorganism and Cutltured 2, Figure SB)_Ce_” enveIOp_e integrity appe_ars W_ell-pres_erved
Cells Academic Press: London, 1991. (e.g., well-delimited bacteria membrane with neither evidence
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Figure 2. Exponential growth oE. coli cells in the presence of different
compounds. Cells were grown in a complete LB medium supplemented
with the inducer DCPK (0.05%) and the indicated amounts of ethanol (A),
GIE (B), or GLTES (C). The graph shows the increase in culture density
(Aso0) as a function of time.

Figure 5. Confocal microscope images showing different successive layers
of a silica matrix containing encapsulated col-GFP fluorescent cells.

(Figure 4) reveals the presence of stoichiometric silica (e.g.,
SiO) but no trace of carbon (note that samples are gold me-
tallized, and, hence, there is a peak for Au). This scenario is
indicative of ethanol inducing membrane lysis at the sol stage
prior to gelation so that silica gains access to the cell’s

interior.
A8 Note that both images (Figure 3A,B) correspond to freeze
'."samﬂe 3 ¢ . - 5 fractured samples and cells are, therefore, visualized as cross-

Figure 3. Cryo-SEM pictures oE. col-GFP encapsulated in different siica ~ Sectioned bacilli. Fluorescence confocal microscopy shown
matrixes (samples-15). Bacteria are visualized as cross-sectioned bacilli jn |:|gure 5 can heIp to understand the occurrence of cross-
because of freeze fracture. Bar ig«h.

sectioned bacilli upon fracture. Successive images slicing

of lysis nor virtual adhesion to the matrix surface). In ad- the sample depth at intervals of Q:f reveals a homogen-
dition, a close inspection of Figure 4B shows that bacteria €0us 3D bacteria dispersion within the silica matrix. A sin-
encapsulated through an alcohol-free route are visualized agle cell can be visualized in just a couple of slices (b) or in
empty cavities with thin inner hedges crossing such cavities, up to four slices (a), depending on their orientatigy in-
which most likely correspond to lyophilized compounds of plane orz-axis aligned, respectively). Thus, the single cell
the cell’'s cytoplasm. Bacteria encapsulated through an alco-z-axis aligned would be visualized as cross-sectioned bacilli
holic sol show a different picture and look filled rather than in an eventual freeze fracture of the sample concurring with
void (Figure 3A). EDX analysis on the inner bacteria cavity slice 3.
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Bacteria encapsulated through an alcoholic sol are unablehost than when they are just lying on top ofét.
to respond to the presence of DCPK (no fluorescent GFP  Regarding bacteria isolation from the host matrix, Livage
produced in response to DCPK), which indicates that they and co-workers® reported that incorporation of glycerol in
are severely damagé#.Cells encapsulated in TEOS based the host matrixes results in viabilities for encapsulated
biocomposites using an alcohol-free route exhibit a good bacteria even better than those obtained for bacteria sus-
fluorescence response, in the range of that previously reportechended in a buffered solution. The incorporation of glycerol
for cells encapsulated in tetramethyl orthosilicate (TMOS) seems to form a chemical barrier between bacteria and the
based biocomposites and suspended in buffered solutions (sekost matrix. Figure 3E indeed shows that incorporation of
Supporting Information for fluorescent spectt&¥)All this glycerol (10 wt %) to the agueous sol prior to gelation
suggests that the occurrence of membrane lysis observed iffsample 4 in Table 1) preserves rather well the integrity of
the cryo-SEM images can be correlated to loss of bacteriaencapsulated bacteria, and links to the matrix are hardly
activity. observed, even 6 days after encapsulation.

We have previously observed that the metabolic activity  In our previous work on cell viability;° we proposed a

of encapsulated cells vanishes in about 1 week, even if thesimilar approach through the encapsulation of living cells
matrix was performed by an alcohol-free route and was keptin hybrid organie-inorganic matrixes prepared from an
immersed in a buffered solutidé< Cryo-SEM micrographs  organically modified alkoxysilane precursor such as glyci-
of such aged matrixes (sample 2, Figure 3C) show bacteriadoxypropyltrimethoxysilane (GPTMS) and poly(ethylene
with clear signs of cell dehydration; for example, collapsed glycol) as a dopant. Our belief was that this matrix could
membranes of irregular shape and absence of inner fluids.provide even better viabilities than Livage’s host matrix
It is noteworthy that a water interface between the bacteria because of the presence of an additional organic moiety (e.g.,
and the silica gel is mostly present around the cells, exceptglycidoxypropyl groups) covalently attached to the silica
in some individual locations through which bacteria links to network. The experimental data obtained showed viabilities
the matrix. better than those of cells encapsulated in TMOS bases sol
gel materials but worse than those of cells suspended in a
buffered solutiortl¢ The partial success in preserving the
active bacteria should be most likely due to the poor
hydrophilic nature of glycidoxypropy! groups, which makes
unlikely their mutual attraction with bacteria, hence, limiting
their ability to protect bacteria from the silanol groups to

Cryo-SEM micrographs shown in Figure 3A,B, together
with the data on metabolic activit}f and on ethanol toxicity
(Figure 2A), show a clear correlation between loss of viability
and the presence of structural damages at the bacterial mem
brane. Similarly, comparison of the images shown in Figure
4B,C suggests that the loss of bacterial viability that occurs

as the encapsulated bacteria age inside the host matrix mightust their bulky character. Furthermore, we have now
be a consequence of progressive matrix shrinkage and sub2Pserved that the biocompatibility of GIE (with a molecular
sequent exposure of the cell membrane to the chemicalStructure quite similar to that of the glycidoxypropyl groups
groups of the surrounding matrix. The question that arises P€nding from GPTMS) is poor, and bacteria growth is
is whether a matrix with a very wide pore size could be cap- COMPletely disrupted for weight percents above 0.75%
able to minimize bacteria and pore surface interactions and, (Figure _ZB)'_ _ 3
hence, improve bacteria viability. To answer this question ~_ 1Nus, in this work we have tested the organically modified
we prepared an open matrix (e.g., scaffdldhere the ab- siloxane precursor GLTES, an alkoxide precursor recently
sence of physical constrain on bacteria is guaranteed. In thisdescribed by Brennan and co-workét&LTES has shown
case, scaffolds were just obtained through further water di- 21 excellent ability to preserve enzymatic activity, but there
lution prior rotaevaporation (sample 3 in Table 1) which IS N0 data in regards to its compatibility wit. coli. To
guaranties the biocompatibility of the preparation process. address this issue, we have studied the exponential growth
Actually, Lev and co-workers have successfully encapsulated ©f E. coliin a growth medium containing GLTES concentra-
living cells through a diluted selgel process without re-  tions of up to 10 wt %. Growth is completely disrupted in
moval of alcoholt!2However, despite the open porous struc- the presence of 10 wt % GLTES (Figure 2C). However,
ture of the scaffold, links between cells and matrix and mem- réduction of GLTES to 7 wt % retards, but does not impede,
brane holes are observed 4 days after encapsulation (Figur&€ll growth, suggesting that bacteria can adapt to the presence
3D). Therefore, physical constrain of the bacteria within the 0f moderate concentrations of GLTES. At the GLTES
host matrix does not seem to be a direct cause of cell deathconcentrations used for biocomposites (e.g., 3.8 wt %),
Rather, our results suggest that effective cell isolation from growth retardation is quite small. These results are promising
the porous surface of the silica host matrix could better con- for the achievement of a highly biocompatible biocomposite
tribute to a significant improvement of cell viability. How-  to host bacteria based on GLTES/TEOS.

ever, it is worthy to mention that even if physical constraint ~ The viability of cells encapsulated in GLTES/TEOS was
does not directly affect cell viability in scaffolds and wet corroborated by fluorescence. In this case, the hydrophilic
aged samples, it may play a role in long term storages and,character of the gluconamide moiety makes necessary more
of course, in nonwet aged samples (see Supporting Informa-than 6 days for DCPK diffusion through the gel and induction
tion for further details on this issue). This is the intrinsic
complexity that implies encapsulation versus immobilization, (18) Zhang, Y.; Wang, S.; Eghtedari, M.; Motademi, M.; Kotov, N. A.
given that chemical interactions are more likely to be estab- ;4 ?:?ﬁ'z[::gng;d'\g,af;réggg,1\(5.;(52)Ha7nzg5,'z.; Elowe, N. H.: Brook, M. Az
lished when bacteria are fully surrounded by the supporting Brennan, J. DJ. Am. Chem. SoQ004 126, 6878.
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Figure 6. Fluorescence response®fcoli-GFP cells grown in the absence
of DCPK and induced with a glycerol/water solution of DCPK 6 days after
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1,4 more efficient isolation of the cell membrane from the silanol
R groups. Finally, besides biocompatibility and sterical hin-
< 1o drance, gluconamide groups are capable of establishing
e 08 favorable hydrophilic interactions wittE. coli, which
g 06 definitively keeps bacteria away from silanol groups. En-
u_g_ g’:' capsulated bacteria are indeed dead 22 days after encapsula-
0:0> tion, but absence of nutrients rather than host matrix

interactions seems to be the most plausible cause of death
(see Supporting Information).

Conclusions

encapsulation in a TEOS based silica gel (sample 2, dashed line) and in a
GLTES/TEOS based silica gel (sample 5, solid line).
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Cryo-SEM has been shown to be very useful for the ana-

R P S lysis of living cells encapsulated in hydrated -sgel mat-

@ 10 Kg--ﬁ;----h@ '\_ erials, given that it provides a map of the water distribution

£ o8} ‘-.\ . ‘\\'"'.\ within the host matrix. Analysis of the viability of encap-

gos n \J\n e sulated cells combining fluorescence-based determination of

E 0,4} "'-=._\ N ‘\\ their metabolic activity and in situ visualization of cells by

S 02 ‘-\ N \\-\ cryo-SEM has provided unique evidence about how deleteri-
0.0 " oo ous for membrane integrity is the use of nonaqueous encap-

sulation routes. Damage of the cell envelope and irreversible

loss of bacteria activity seem also to occur during aging upon
bacteria exposure to silanol groups located at the surrounding
host matrix. Moreover, cryo-SEM suggests that bacteria
isolation from the porous silica surface would result in more
efficient membrane preservation. On the basis of this
information, we have been able to manage the required
of fluorescence response. Under these circumstances and tggnditions for the preparation of a highly biocompatible host
avoid undesirable sample aging during the induction Process,matrix (e.g., GLTES/TEOS based biocomposites). The
samples (GLTES/TEOS and also TEOS based for compari- chemical barrier provided by gluconolactone groups allows
son) were induced with a water solution of DCPK containing ¢, 4 cteria viabilities in a range similar to those observed

0
i?:f:rfglr)éctirglir%Sc\:i,;n@éozzsinzu;zglsatbgggsrk?iloggsqspggiiefor bacteria suspended in a buffered solution and much higher
was also induced in a water’ solution of DCPK free of than those found for purely silica based biocomposites. In
glycerol. The response of TEOS based biocomposites agains%JOOOI concgrdgnce with cryo-SEM suggesthns, the presence
DCPK was similar whether water or water/glycerol solutions of the barrier isolates encapsulated bacteria from the silica
were used. The number of living cells 6 days after encap- surface and considerably prolongs their life span. This feature
sulation in GLTES based biocomposites was remarkable, Will now allow focusing future analyses on the possible
significantly larger than in TEOS based biocomposites beneficial role of the presence of nutrients within the matrix
(Figure 6). Actually, bacteria viability in GLTES/TEOS to prolong cell viability even longer.
based biocomposites was in a range similar to that of bacteria
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Figure 7. Normalized fluorescence intensity reached tor col-GFP
encapsulated in GLTES/TEOS based silica gély ih comparison with
data obtained in ref 11c for suspend®) énd encapsulated in TMOSI)
and GPTMS/TMOS based silica gelS)(



