1 RAPI D BI CASSAY FOR PESTI Cl DE RESI DUE USI NG SOL GEL MATRI X Technical Field
of the Invention According to the present invention, a nethod is provided to
encapsul ate Acetyl 5 Cholinesterase (Ache) by formng a silica sol froma
solution of silicon oxide in water, adjusting the pHto a pH value |ess
than 7 to stabilize the silica sol, forning a silica sol matrix solution
contai ni ng Acetyl Cholinesterase. The invention provides technique for

bi ol ogi cal capt UrRAFEDBIOASSAEFOR PESTICYIDE RESIDUE UBING SOINGEActi ve for
| ong period of tinme if stored at 4 deg\.g In the 10 di sposabl e nethacryl ate

cuvettes. The technol ogy offers a dis type of prepared enzyne assay
I n di sposabl e nethacryl ate cuvettes. The encapsul ated enzyne was found to
react with pesticides nanely O ganophosphate and Carbanate group which are
wi del y used f OTechmieil Fidlé of tiwTnventiGigai nst pests. The node of action of
this interaction in the sol gel ,is inhibition activity where in 15 the
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naked eye. However for acg{gr ate measurement, of the inhibition activity, the
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The mode of action of this interaction in the sol gel is inhibition activity where in
15 the colour reaction form by a substrate (ACTI) together with DTNB with the
enzyme is yellowish in colour. The colour was found to be developed in the
matrix gel i.e. in the gel cavity. By minor shaking of this cuvet containing solgel
the colour is released to the free solution which can be seen by naked eye.
However for accurate measurement of the inhibition activity, the colour
20 formation was measured for their absorbance using calorimetric
spectrophotometer. The percentage different in colour change compare to a
control i.e. solution with no pesticide was used as a basis for the calculation. The
threshold value for this percentage inhibition was set to a minimum level as a

basis to determine the acceptance level of pesticide content in the sample.

25 Background of the Invention
The invention relates to a sol-gel method for encapsulation of AchE use for
biossay development. Development of new materials that can improve the
bioassay capabilities has improved dramatically. One of the most challenging
aspects in development of these biological support matrixes is the immobilisation
30 and integration of biological molecules in the host matrix and retaining the

functionality of the biomolecules. A number of techniques such as physical



functionality of the bionolecules. A nunber of techniques such as physical 2
adsorption, covalent attachnent, entrapnent and encapsul ation in polynmer as
well in inorganic matrices have been explored over the years to achieve a
reproduci bl e and robust i mmbilisation technique that preserves the activity
of the biological nolecule. 5 Silica hot matrices, nade by the sol -gel
process have energed as a promsing platformfor encapsul ati on of

bi onol ecul es sadebrpeien,.ecomitens attastimengdérgmparedt andlehcapstlatdymis polymgeraasnor e

stabl e environment, ypon encapsul ation in siljca host because the polyneric
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chemcally in rophi and ‘transparent, “enabling
spect r oscopi ¢ thebidlegical gnodécutehe ent rapped sanple. M croencapsulation in the
pores of the sol-gel matrix does not decrease the affinity and activity of
bi onol ecul es because the enzyne is not really bound to the matri x. The

purpose sof 1 Ngifick BYSHhiAlst Fal@ bIIKE SOt pPiesdfdvealiictparhh Goitipel | v 15
acetyl cholinesterase as a bl osesing nat e%l tﬁat Wi e used I n the
devel oprment  oflatioroa$erayndapsulasme e bivgnaécubess sichi abe enzysiesuastiiodies eayat abl es.

Sunmary of the |nvention Accordingly, it,is the primary object.of the
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yet anot her object of the present invention to provide a nethod for storing
a biol ogi cal imgthepors dfithe spleged matrix daes pelr dasreasw theaffinity and activityeolei n

wi t hstandi ng exposur 0 adverse condition aho 0% of t bi ol ogi cal
et vi ty of 't HEOMRuE broanes PR Briiati ot Ry a8y los R i The plrBost?
of this invention is to develop a sol-gel encapsulated housefly
15 acetylcholinesterase as a biosesing material that will be used in the development

of bioassay for screening of pesticide residues in vegatables.

Summary of the Invention
Accordingly, it is the primary object of the present invention to provide a method
for making a porous, transparent sol-gel matrix containing a biological material

20 encapsulated therein.

It is another object of the present invention to provide a method for the
quantitative or qualitative detection of a test substance that reacts with or whose
reaction is catalyzed by an active biological material, wherein said biological
material is encapsulated within a sol-gel matrix, and wherein said sol-gel matrix

25 is prepared by an alcohol-free method.

It is yet another object of the present invention to provide a method for storing a
biological material in a porous, transparent sol-gel matrix, wherein withstanding
exposure to adverse conditions, about 80% of the biological activity of the

material is retained for at least 6 months.



3 These and ot her objects of the present invention are acconplished by
provi ding, A nethod of making a porous, transparent sol-gel matrix
containing a biological naterial encapsulated therein, conprising: a)
formng a single phase sol by mxing a nefal al koxide in a non-alcoholic 5
medi um conprising water and an acid catal¥yst and stirring the m xture until
a clear solution is obtained; b) adding a buffering agent to raise the pH
of the m xt ur eThistandether objstte pf tha present iaventioo fardrecomphishied by provididdj ng a

bi ol ogical material to the buffered sol in step (b); 10 d) formng a
sol-gel and allowing the said sol-gel to age; and e) allowing a portion of

the water in tRen&fbd aﬁhlakfag%v;ﬁﬂwsahﬁn@arehh%l del fhavdl wmamfa@ alB18lopicaduct
formed in step (d) is decreased and the biological material is encapsulated

in a monolith mﬁtenhber@elbsuwdﬂhammgompnsdglced volume. A nethod for the
quantitative or alitati.v tec of. .a test ce that reacts
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and wherein said sol-gel matrix is prepared by an al co free met hod sald

quantitative or q)l@rsftlatwlw@qmrmdd conprising: a) preparing the sol-gel
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bringing the sai ¢ gH ef padive@l sSf7at eri al - contai ning sol -gel matrix into contact

with a gas or aqueous solution conprising the test substance; and c)
quantitati veI yc)oraddmalahlahogw@uryatgmlé@thedglffemhmlmsﬁgp6>r) measuring the change

25 1in on har ch in the biolo r|aI encapsul at ed

W t hin e sgwefgﬁn?}%t lingéﬁ%w&gtﬁ %atlo§(?lr%i a& b%gl cal material in a
porous, t ranspay lebwsncg a g@ﬂnoﬁr@f fHexwaterhethe s6l-2¥l td16¥apBtitd1sh BEPMS WoRunhed
adverse condi tions, about 80% of the biological activi ;tﬁ%o of the material is

retained for at |of4he peduginfiorned osten (D ingecrsased)and Sherbigipgical maggrial phase sol
by mxing a met alen@éﬂ%ﬁfﬁ'te%qn ar?n(?noﬂﬁpofathg an%e?hgvmg a reduced volume.

A method for the quantitative or qualitative detection of a test substance that
15 reacts with or whose reaction is catalyzed by an active biological material,
wherein said biological material is encapsulated within a sol-gel matrix, and
wherein said sol-gel matrix is prepared by an alcohol-free method, said
quantitative or qualitative method comprising:
a) preparing the sol-gel matrix comprising said active biological material
20 encapsulated within a porous, transparent matrix prepared by an alcohol-free
sol-gel method;
b) bringing the said biological material-containing sol-gel matrix into contact
with a gas or aqueous solution comprising the test substance; and
c) quantitatively or qualitatively detecting, observing or measuring the change
25 in one or more characteristics in the biological material encapsulated within

the sol-gel matrix.

A method of storing a biological material in a porous, transparent sol-gel matrix,
wherein withstanding exposure to adverse conditions, about 80% of the
biological activity of the material is retained for at least 6 months, comprising:

30 a) forming a single phase sol by mixing a metal alkoxide in a non-alcoholoic



4 medi um conprising water and an acid catalyst and stirring the m xture
until a clear solution is obtained; b) adding a buffering agent to raise
the pH of the m xture obtained in step (a) to a pH of between 5-7; 5 ¢)
adding a biological mterial to the buffered sol in step (b); d) formng a
sol-gel and allowing the said sol-gel to ‘hge and e) allow ng a portion of
the water in the sol-gel to evaporate so that the volunme of the product
fornmed in step (dhedimn«tempﬁamgdvawdndh&aﬁﬂ&hﬁ@iscaﬁd s1iting thel mixsure @ndlepsul at ed
in a nonolith of Ciﬁglrfg havi n%_ﬁa reduced volune; and 10 f) storing the gel
of step (e) and & BOBHYIS ORI eri al encapsul ated t her ei n Det ai | ed
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or ganophosphat e pod ﬁ piog &fggp%‘ﬂg’s&/aﬁ'ﬁﬁ %Fﬁfg%?d@fldéf‘%gﬁ‘?g‘f%@i%‘fr@ (oP) with
di fferent toxiciteychpsBlatediif AInfntfith 6Cdofgel Havﬂiggﬂjeb{uéeﬁ%ﬁm?é"%@azar dous
conpound), chlorpyrifos and fenitrothion (class Il-slightly toxic

corrpoundsl§) wer B wewthgithe geltofidiept(deandfthiebivlogaabesteial ¢rvepsititedydskrein.
i mmobi li sation Enzymatic inhibition activities showed that the response of
t he biosensing material to these Ops were 25 highly reproducible. The

enzyme- doped spletARU DRBAPLibN oF'Bie InOeMisor © be stable for three nonth under
storage at 4 de In addition, the gel can be mass produced thus making it

cheap enough t EEgb ere§¢r§ pm@adorahwebeea ag¢qmgrl§hc¢ for caowpstamcss dewanbad algve.
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reagent 15 inventors conducted in-depth studies, and obtained the results based on the
interaction of the enzyme with the pesticides at various buffer concentration and

pH values. The mixture ratio of sol gel and buffer was extensively studied and

the optimum mixture was obtained in the experiment. A new biosensing material

based on sol-gel encapsulation with enzyme was developed for rapid detection of

20 organophosphate pesticide residues. Three types of organophosphate (OP) with
different toxicity i.e. dichlorvos (class I-highly toxic and hazardous compound),
chlorpyrifos and fenitrothion (class II-slightly toxic compounds) were used to

study the effectiveness of the sol-gel immobilisation Enzymatic inhibition
activities showed that the response of the biosensing material to these Ops were

25 highly reproducible. The enzyme-doped sol-gel monolith was found to be stable
for three month under storage at 4 deg. In addition, the gel can be mass produced

thus making it cheap enough to be disposed after a single use. Comparison data

on spectrophotometer methods indicated that the methods showed similar trend

in results when tested on spiked samples with pesticide. The newly developed

30 material i.e. sol-gel encapsulated with AcHE can be used as a biological reagent

for fast detection of oranophosphate pesticide (OP).



for fast detection of oranophosphate pesticide (OP). 5 Qur current bioassay
can utilise this biosensing material as a biorecognition elenent. The
encapsul ation was carried out at roomtenperature and phosphate buffer was
used to mnimse the denaturation of enzynes. Three types of OP with
different toxicity i.e. dichlorvos (category I-highly toxic and hazardous 5
conpound), chlorpyrifos and fenitrothion (category 11-slightly toxic
conpounds) were used in this study. The calibration plots for dichlorvos,
chl orpyrifos 9 cméfmttblezﬁﬁ%ﬁalwwﬁswﬁ&rhl@sen%n@@%m%na (biareqogmitinmm
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Chem cal s and reagents
15 under storage at 4 deg. In addition, the gel can be mass produced thus making it
disposable after a single use. Recovery data were collected for dichlorvos on two
varities of vegetables, amaranth or chinese spinach (Amaranthus viridis) and
convolvulus (Ipomoea aquatica). The percentage recovery of approximately
80% for spiked samples with average RSD of 2.44% shows that this newly
20 developed biosensing material can be used as a bioreceptor for the biosensor

device.

Preparation of sol-gel

The sol-gels were prepared according to that described by Ellerby et at. [3]

employing a two-step method. The acid catalyzed silica sol was first prepared by
25 mixing 4.5 ml of TMOS, 1.4ml of H,O and 0.1 ml HCL in a glass-vial according

to Kumar [4] with a change in the precursor used. The mixture was stirred until

a clear solution was obtained. The vial was sealed and polymerization took place

for 24 hours to obtain a suitable silicate polymer gel.

Chemicals and reagents
30 Acetylcholinesterase (1.25 Umg™") from housefly (HFAChE) was purchased
from Taiwan Agricultural Research Institute (TARI). Acetylthiocholine iodide



30 Acetyl cholinesterase (1.25 Umg') from housefly (HFAChE) was purchased
from Tai wan Agricultural Research Institute (TARI). Acetylthiocholine iodide
6 (ATCl) and 5,5 -dithio-bis (2-nitrobenzoic acid) (DTNB) were obtai ned
from Sigma Chem cal Co. The organophosphorus (OP) pesticides, dichlorvos
(99% and chlorpyrifos (99% were purchased from R edel de Haen (Seel ze,
Germany). St r{s_ ol sk I tn\@g r P din

met hanol and g(%gt%{? gﬁggfguc. 'Igé@?a(r%etl ?x?e“g??%g@? |(I cat S\z’%iﬁﬂ%)tﬂ\;\cgsﬂ%ﬁr chased
from Tokyo KaSigina (temi¢a) rGul e ThOddgandftosplmrls (OR)dpestitides; idichdarivas (¥9€)) and

th hem cal d Me ) h h ff | ut i f pH 8
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from Di spol ab-siar t@hdards ob 100 YR rFHUns ARETE repafed: RemeRhndieindVat ri ces

uol@1E
A mixture of Tomy e o IO e orls bty Preparsd I methanct endlol wer o
put intoSa di syorsdiat °CuvBetramesing arthesidiohte JgAMQD) ivdi fpustiaseidt fiom Felgonds. The
enzynme was en sul d ¢go t wihin t .gr ow net k. He.cuvettes
were seal ed wi eb&f(gfe(gfaﬁ?gg(l/"g’r g&f’é‘fﬁ“%#‘g@'i&cﬂ'@“gﬁﬁ%ﬁlgw W&Q%eré\?ﬁlﬁ&a i on of
the 15 gel's duliseddneté Fiond MEFRTP A2 bRospBARtHUPRr tsORIoR R PPK BERHE). Y MSwva¥ n after
which tinme, the gel was stored at 4C for aging. Leaching Test Two different
cuvettes were Rrspated.o Thddlisposableo metipaniate caveitesOvere obfaingd| fromddispalabvel y.
The third cuvek%ﬁe IQETSS aijded with 30 I sol, 70 | of buffer and 20 20 pl of
AchE and i nmobi ié t1°on was al |l owed for one minute before it was measur ed.
One m of buffer was added to each cuvette and the optical density of
protein was neasured at wavel ength 280 run using spectrophotoneter. Recovery

Test Vegé® abl eEnzyme Entrapment in Ged Mhatticent o snal | pieces and a

subsanpl e (50 . i(ghead i |_endi hal < S
honogeni sed w’té‘ﬁégg)riwg? O'Wi "Sfd%%gll Qﬁﬁgﬁ%‘? n@?reéﬁlesiﬁ‘g%? b'ﬁ ,Af%ftsé); weft
i ncubation, a malinteaddisgesablé cuvetchamb thewssl-getidelidifiadl vwithén Reodnds.e V&S
bl ended for 5 mnutes. The extract was, fi|tered through a filter paper and
the filtrate wWeEYRS WVascensapsulaied ¢ommpletsht Wlﬂ’l,n the growing network. He cuvettes

were sealed with parafilm to prevent cracking, through rapid evaporation of the

15 gels during ageing. Complete gelation took approximately 15 min after which

time, the gel was stored at 4°C for aging.

Leaching Test

Two different cuvettes were used to add 20 pl of HFAChE, and 20 pl of sol

respectively. The third cuvette was added with 30 pl sol, 70 pl of buffer and 20
20 pl of AchE and immobilisation was allowed for one minute before it was

measured. One ml of buffer was added to each cuvette and the optical density of

protein was measured at wavelength 280 nm using spectrophotometer.

Recovery Test

Vegetable sample (spinach) was chopped into small pieces and a subsample (50
25 g) was weighed and placed in a blending jar. It was homogenised with 50 pl of

1000 ppm dichlorvos for one hour. After incubation, a volume of 50 ml

methanol was added and the mixture was blended for 5 minutes. The extract was

filtered through a filter paper and the filtrate was collected. For the control,

similar procedures were carried out except the homogenization with dichlorvos.

30 The analytical procedure for the enzymatic inhibition was similar to work



simlar procedures were carried out except the honpbgeni zation with

di chl orvos. 30 The anal ytical procedure for the enzymatic inhibition was
simlar to work 7 reported by Salmah et al. [5]. A volume of 50 | filtrate
was incubated in a cuvette containing AchE-doped sol-gel for 10 min. The
absorbance was deternined spectrophotometrically after 5 nin of substragte
addition. Characterisation of Enzyme-Doped Sol-Gel Mnolith 5 TMOS-derived
sol - gel nonol i feporeels by Salmat ktyalt {Hnspavatmhe afd0par filttatands hgsudbated Shiat abl e
for the encapsul ati on of AchE. Previous results of the optim sed working
condi ti ons sucHVade CoRFHUNE | H¢hE-deped &91- el0 .mignzykhs) absorbance \as 3: 1

enzyme. quant | ek oty RSt Ak Gr GaRGSAL ALiAR ©f S 0 X 10-3M

were used for the characterisation o material [6]. Leaching
test 10 was performed successfully prior to the characterisation study where

| eachi ng percgptage of the_enzynme-dop -gel nonolith conpared to free
enzyme are sh aﬂrﬁcﬁrfséﬂpﬁoiﬁﬁ?yWﬁﬂ)@ﬁﬁ&?Z%%gﬁ%%hof protein (280 nm
showed t gat 80m§-demd%epga§g$mﬁﬂwm&i tfa%%ﬁd:&ﬁg:inh ofdifs 278 hieR&!

matrices with a gelation peri of one mnufe. According to Bhatia and
Brinker [1], tsatapler fis tht ¢rvepsatatipmeofl ActiBpe ®Previidusc eesnl of xthe haptinuisdde snal |

enough to prevent .l eaching of .encapsul.ated . onol ecul es _but | arge enough
Lo al'l ow unr esBPTHEEPTAIIRS S = SPmparfieR mtigl (butlis Cenyae) By sol s ori

rate and

anal yte. 8 Ref g0R&efianti) ofB031 And RvdRkingBubSkfé coficedtratiddbt 8.0A o2& Si ngh,
A. K. (2000). Aquéous sol -gel process for protein encapsulation. Chem Mater.

12(8): 2434 - warelused 29r the gharagieibati@n Réithe bivsensing. Rate(ialofe].) Lesdiingteist

hol i bi f . tici | ipetri
anal yer < 10sancup PETGTRE, 1berGUTFHeIIB 58 RhSdin o Sidi php eadhiig  ©
Ni shida, C R, pYasmapker, thSefeymdMoped s8l-gelMabsdlith REmpdre®-to &reeZinBime rd -

(1992). Encapsultion of proteins in transparent porous silicate- fc;)(iiasses
prepared by t hhoswl ingableded. hbbe optidabdensity 6 protein328Q nmgshowgd Ahat §QPmel A

Mal hotra, R., M%leggéprs%’ateg'&h]igﬁvg rRiafiled it e soﬁ%glotg?lt'ricecso with a gelation period
of one minute. According to Bhatia and Brinker [1], the pores of the enzyme-

15 doped silica matrix should be small enough to prevent leaching of encapsulated
macromolecules but large enough to allow unrestricted transport of buffer ions,

molecules of substrate and analyte.



| mobi | i zation of chol esterol oxi dase and horseradi sh peroxidase in a sol -
gel film Anal. Chico Acta. 414: 43-50. 5) Salmah A A, Misa A, O hman.,
Abu Bakar S. and Zanri 1. (2002). Kestabilan Bi o- Mol ekul Terpegun D dal am
Sol - Gel Bagi Menghasil kan 15 Penderia optik Kolinesteres Untuk Penyaringan
Awal Racun Makhl uk Perosak 5°s. Proc. J& nt Chenistry Sem nar UKM | TB. 6)
Salmah A A, Musa A, OGhman 0., Abu Bakar S. and Zanri |. (2002).
Spectrophotonetric Determ nati on of O ganophosphorus pestici des using

Sol - Gel Encapsul at ed Housefly Acetyl cholinestesrase. Paper submtted to 20
J. Non-Cryst. Refpresges:7) El|nman G L., Courtney D. K., Anders V. and

Feather stone ) Monafid 308 phvkelel anduf 8. S0SALhIRLE L Codg) ChTLaR on of

acetyl chol i ne rase B oche ar naco W
(1978) Pesti ci dessol-futprocesstir propdin eadapsulatidva ChEmaviaies.ClQ(8): 2434 2éIan &

Conmpany. In the fqregoing descriptian he present invention, has been
specifically dﬁsclni%d"-Nb? Reanadoy Mﬁé&6}%989rﬁsékéﬁlrﬁh@$neﬁﬁéqsébf°§emmer , it

shoul d be abor eci 3y flobliAbnon kel RA ThaR B8N SRl ahit AR, 251 1Y

be nmade t hose art w thout rting omthe spirit of
the invention. |t B.88:3%t #26431.ntended to 30 include all such nodifications

LS Wl g R, el A e e FL S, 2
iglrr;)?ielsi ggt r :52) Cg;ﬂi%g').lf‘%@gg.b'%%&hﬁﬁh ITRr6telrR! in QRGOSR Mt PoPShist LN
glasses prepared by the sol-gel method. Science. 255:11134-1118.
10 4) Kumar, A., Malhotra, R., Malhotra, B.D. & Grover, S.K. (2000). Co-
immobilization of cholesterol oxidase and horseradish peroxidase in a sol-
gel film. Anal. Chim Acta. 414: 43-50.
5) Salmah A.A., Musa A., Othman., Abu Bakar S. and Zamri 1. (2002).
Kestabilan Bio-Molekul Terpegun Di dalam Sol-Gel Bagi Menghasilkan
15 Penderia optik Kolinesteres Untuk Penyaringan Awal Racun Makhluk
Perosak 5. Proc. Joint Chemistry Seminar UKM-ITB.
6) Salmah A.A., Musa A., Othman O., Abu Bakar S. and Zamri I. (2002).
Spectrophotometric Determination of Organophosphorus pesticides using
Sol-Gel Encapsulated Housefly Acetylcholinestesrase. Paper submitted to
20 J. Non-Cryst. Solids.
7)  Ellman G.L., Courtney D.K., Anders V. and Featherstone R. M., (1961). A
new and rapid colorimetric determination of acetylcholinesterase activity.
Biochem. Pharmacol. 8: 88.
8) Ware G. W. (1978) Pesticides: theory and application. San Francisco:
25 Freeman & Company.

In the foregoing description, the present invention has been specifically disclosed
by referring to some examples thereof. However, it should be appreciated that
various modifications and variations can easily be made by those skilled in the
art without departing from the spirit of the invention. It is , thus, intended to
30 include all such modifications and variations within the wide scope of the present

invention defined by the appended claims.



3) 204) 5) 256) formng a single phase sol by mxing a netal al koxide in a
non- al coholic nedi um conprising water and an acid catal yst and stirring
the m xture until a clear solution is obtained; adding a buffering agent to
raise the pH of the m xture obtained in ¢tep (a) to a pH of between 5-7;
adding a biological mterial to the buffered sol in step (b); formng a
sol -gel and albﬁmkgg the said sol-gel to age; and allowing a portion of the
water in the sol’-gel to evaporate so that the volunme of the product forned
in step (d) is decreased and the biological material is encapsulated in a
nmonolith of the sol-gel having. a reduced volunme. The nethod of Caim1l,
wherein the nebal Aam%ﬁwa@fi@gﬂ@g o RIOH§| transpanesis polrgeh patyiy \Mosfainingtar aet hyl

orthosilicate (TEiqﬁ%lg%l?é]lrg%&iatseg%})éﬁwt a[m:rgin, g&hﬁﬁél .. The nethod of Claim

1, wherein the ac rochl oric’aci AC1) or any ot her

sui tabl e cat al yst .a) Thdorhg adsiagle Glaisensd]l bmipixtrigha thetaloplkoxidé 6 4 abh-o of
buffer plus enzyne to sol-gel is 3:1 The nethod of Caim1l, wherein the
size of Phe sol parti @hpkc medium semprsing water @ad anRsidecatalyst apf SHringe

sol-gel is dried, whi }nﬁ‘tﬁ‘%ﬁﬁﬂfééﬂe&yﬁoﬁﬁﬁﬁ?gﬁﬁin§Ze as the size of the

nol ecul e of the encapsul ated biol ogical materiral. The nmethod of Caiml,

wher ei n t he bi ol odh)caladdinper buffering apehenrt mikef thepH bL theomiXtyre abtsingt inng  of
RNA, DNA, active proteins, active fragments of DNA, RNA, or proteins, and
cel s or tissues. 10 PPfakogihebtibeivess 3i7m 6, wherein the bi ol ogi cal

material is any achi vg4qipaittdi0gitsl ASkiN o tHAMRMA P & (b);
10 d) forming a sol-gel and allowing the said sol-gel to age; and

e) allowing a portion of the water in the sol-gel to evaporate so that the

volume of the product formed in step (d) is decreased and the

biological material is encapsulated in a monolith of the sol-gel having

a reduced volume.

15 2) The method of Claim 1, wherein the metal alkoxide is tetramethyl
orthosilicate (TMOS), tetraethyl orthosilicate (TEOS), or any other suitable

material.

3) The method of Claim 1, wherein the acid catalyst is hydrochloric acid
(HCI) or any other suitable catalyst.

20 4)  The method of Claim 1, wherein the optimized ratio of buffer plus enzyme
to sol-gel is 3:1

5)  The method of Claim 1, wherein the size of the sol particle is selected to
produce a pore size when the sol-gel is dried, which is essentially the same

size as the size of the molecule of the encapsulated biological material.

25 6) The method of Claim 1, wherein the biological material is selected from the
group consisting of RNA, DNA, active proteins, active fragments of DNA,

RNA, or proteins, and cells or tissues.



8) The method of Caim7, wherein the protein or active fragnent thereof is
an enzyne or active conpound selected fromthe group consisting of 5
acetyl chol i nesterase, or any enzyme or active conpound. 9) A nethod for the
guantitative or qualitative detection of 1@ test substance that reacts with
or whose reaction is catalyzed by an active biological nmaterial, wherein
sai d biol ogi cah MAhErdthod HrEORRAH FhadinMr"bRIRicP mfiltial HOk Ke@Nd
wherein said sol-gel matrix is prepared by an al cohol-free 10 mat’hod, sai d
quantitative or quedteinairactiverfiagnueit temofi si ng: 15 a) preparing the sol -gel
matri x conprising said active biological material encapsulated within a
porous, transparent matrix prepared by an al cohol-free sol-gel nethod; b)

bringing the sgi d TpeMIBILH ClARE ¢FWhdreinhd plofdin Or &¥ve $RbmRL thiréof B8

contact with a gas or aqueous solution conprising the test substance, and
c) quantitativelyeozymgiairi aetivevebppoendecteiengd Gomerthe rgoep cowsistimg g t he
change ip one or nore aracteristics in the biological, mteri al

encapsul at ed vvithiaﬁet?'lr‘fgoglﬁstebaéf” &Y FREYBROT AT VAS (HB’& for the quantitative
or qualitative detection of pesticide according to any one of the preceding
clainms. 11) The nmethod of C aim 10, wherein the pesticide is an

or ganophosphat® Jeimsthasdfor thgrguansitajiveugy quahitatise idetgciaon af eredrsubsgiance

cHTor Y 1105:, [erLAf ket 5 vipt SeHh ShCRRORESRT 35 P fbeye: o0

of storing a biologic erral i
wherei n wit hst andimdgergai patiereh $a0d BibIRSice neaakltis encapsiaied twithdYaabl-gélhe

bi ol ogical activity of the material is retained for at | east 6 nonths,
conpri sing: 11 5a)yma#fixcand wherein said sol-gel matrix is prepared by an alcohol-free
10 method, said quantitative or qualitative method comprising:

a)  preparing the sol-gel matrix comprising said active biological material
encapsulated within a porous, transparent matrix prepared by an
alcohol-free sol-gel method;

b) bringing the said biological material-containing sol-gel matrix into

15 contact with a gas or aqueous solution comprising the test substance;
and

¢) quantitatively or qualitatively detecting, observing or measuring the

change in one or more characteristics in the biological material

encapsulated within the sol-gel matrix.

20 10) A method for the quantitative or qualitative detection of pesticide according

to any one of the preceding claims.

11) The method of Claim 10, wherein the pesticide is an organophosphate
selected from the group consisting of dichlorvos, chlorpyrifos, fenitrothion,

or any other organophosphate.

25 12) A method of storing a biological material in a porous, transparent sol-gel
matrix, wherein withstanding exposure to adverse conditions, about 80% of
the biological activity of the material is retained for at least 6 months,

comprising:



0d) e) form ng a single phase sol by mxing a netal al koxide in a non-

al cohol i ¢ nmedi um conprising water and an acid catalyst and stirring the
m xture until a clear solution is obtained; adding a buffering agent to

raise the pH of the m xture obtained in 1g9tep (a) to a pH of between 5-7;
adding a biological mterial to the buffered sol in step (b); formng a

ool L0°1 end a0 8. (el e ke ) 395 SHRBLMBBERLA SR o1, L1

water in the sol - t'o evapor une o e pro

in step (d) is decr easat¢bhalid middéum l@bmbﬁghga&atemineranadcld satglysoprlldtiatied i n a
nonolith of the sol-gel having r@? reduced,volupe; and f) storing the gel of
step (e) and the biol Jh¢ muxturegintil p sleapsplution is abtsinedi her ein. 13) The met hod

f st bi ol t
gol -SgglrI gt ?I xI gcggjr di ngwhl"al ré%é&r \'t/\k?deféel%n 8’?2 eogl ca% rg&%@?‘lﬁg is an

active prsotein or actistep (a) wteph ofbetgmemﬁ 7 wher e| n the netal al koxi de
conprises tetranethyl orthosilicate tetraet h){ orthosilicate
(TECS), or any ot h®r sﬂﬁdt%tﬂ @ommmaqenaldﬁahmfeé%s W’étﬁ%ﬂandl ng exposure

to adverse conditi oﬁgﬂlgtasggégel%fgpt%ggwﬁgﬁha ea%%?g)a%gh dy of the

protein or protein fragrre s. 14) The
active biological emt eﬂ]oahng/\hipohlolnaff tbeezatesﬁmtlecko&gelab(ﬂvalg)rﬁte solthatrthd 2 or
13 for at least 6 nonths, but Wéerel n about  80% of the ol ogical activity
of the material has beupeofi thegprogugt edeinn#P dfd) i Aepreasedoand ghe wher g n

the biol qgical nmateri %1010%&51 Mﬁtengﬁs RhQIpSi1Bteq'in & Hdn¥RRSFARES d(ﬂ -del RGARYL 1S
acetyl choli nesterase or any ot enzy or active conpoun
a reduced volume; and

f)  storing the gel of step (e) and the biological material encapsulated

therein.

13) The method of storing a biologically active material in a porous,

15 transparent sol-gel matrix according to Claim 12, wherein the biological
material is an active protein or active protein fragment, wherein the metal

alkoxide comprises tetramethyl orthosilicate (TMOS), tetraethyl

orthosilicate (TEOS), or any other suitable material, and wherein

withstanding exposure to adverse conditions, about 80% of the biological

20 activity of the protein or protein fragment is retained for at least 6 months.

14)  The active biological material which has been stored according to Claim 12
or 13 for at least 6 months, but wherein about 80% of the biological activity

of the material has been retained.

15) The method of Claim 13 or 14, wherein the biological material, active
25 protein or active protein fragment is acetylcholinesterase or any other

enzyme or active compound.



